FOREWORD 


Os LIVING Chemistry Series was conceived by Editor and 
Publisher to advance the newer knowledge of chemical medicine 
in the cause of clinical practice. The interdependence of chem- 
istry and medicine is so great that physicians are turning to 
chemistry, and chemists to medicine, in order to understand the 
underlying basis of life processes in health and disease. Once 
chemical truths, proofs and convictions become sound founda- 
tions for clinical phenomena, key hybrid investigators clarify 
the bewildering panorama of biochemical progress for application 
in everyday practice, stimulation of experimental research and 
extension of postgraduate instruction. Each of our monographs 
thus unravels the chemical mechanisms and clinical management 
of many diseases that have remained relatively static in the minds 
of medical men for three thousand years. Our new Series is 
charged with the nisus élan of chemical wisdom, supreme in 
choice of international authors, optimal in standards of chemical 
scholarship, provocative in imagination for experimental research, 


comprehensive in discussions of scientific medicine and authori- f 


tative in chemical perspective of human disorders. 


Fa 
Dr. Hollister of Palo Alto offers a striking conceptual presen-’ 


tation of the psychotomimetic drugs—natural and synthetic that 
cause and perpetuate chemical psychoses—transient and _per- 


manent, Each group of compounds is evaluated in terms of the — 
history, occurrence, synthesis, psychopharmacological activity, 
behavioral changes, in vivo distribution, metabolic fate,’ cross 
tolerance and application in model psychoses, psychotherapy and 
chronic neurotic disorders in the cause of determining the mode 

of action. Psychotomimetic drugs produce hallucinations, with — 
changes in thought, perception and mood, without affecting the 
autonomic nervous system. The resulting disturbance in the re- 
lation between the ego and the outer world is determined by 
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the individual personality, while the abnormal psychic life dis. 
torted by delusions, hallucinations and misinterpretations is de. 
termined by social, biological and psychological changes. It is a 
disorder of the individual as a social unit, not a purely individual 
affair like an infection, but a disorder of the individual at the 
level of social adjustment. Man is a machine by birth, but a 
self by experience. He enters the lives of others more directly 
than nature because he recognizes his own thoughts and feelings 
in them. He learns to make theirs his very own to find in him- 
self a deeper self with the features of all humanity. Knowledge 
of nature makes him master of the creation and knowledge of 
self, one with all creatures. In the dissolution of self in psychosis, 
apparitions sever him from man and nature. 
Psychopharmacology has given us a host of new synthetics, 
but no discoveries in the field of natural drugs. Narcotics, 
euphorics, hallucinogens and excitants were known before the 
dawn of civilization when primitive man experimented with 
every root, twig, leaf and flower—every seed, nut, berry and 
fungus in his environment to fulfill the deep-seated desire for 
self-transendence. The scientific study of these drugs was re- 
stricted because the natural sources were closely guarded secrets 
of the priests. But psychopharmacology has entered a period of 
rapid growth destined to give us something that human beings 
have never had before—beauty, joy, peace and kindness at will, 
blissful experience telescoped into a single hour. It is an ex- 
cursion into the limbo of things where the relations of time and 
space are annihilated without loss of consciousness, so that, 
while almost an eternity is compressed into an hour, infinite 
space is transversed more swiftly than by real thought as the 
psychotic travels back into the beautiful world of the collective 
unconscious in all its mental imagery. Most compounds have 
been tested by self-administration and recording of the subjective 
experience, by administration to mental patients for analysis of 
cerebral dysfunction and control of symptoms, and by controlled 
studies with normal subjects. Quantitative results have been 
attempted by assessing the effects on learned tasks or core 


— lating the subjective effect of the drugs with the EEG effects. 
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Animal tests include observational criteria, physical performance, 
conditioning methods, spontaneous activity, hyperthermia, emo- 
tional behavior and electrical activity of the brain. The whole 
work on the chemistry of psychosis gleans knowledge, training 
and experience, the groundwork of all clinical wisdom. 


Man's mind a mirror is of heavenly sights, 

A brief wherein all marvels summed lie, 

Of fairest forms and sweetest shapes the store, 
Most graceful all, yet thought may grace them more. 


I. NEwTon Kuce.mass, M.D., Ph.D., Sc.D., Editor 
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Chapter I 


HISTORICAL PERSPECTIVES 


M AN’S INGENUITY seems inexhaustible for discovering natural 
drugs which alter consciousness. Even the most primitive people 
have developed some potion or portion which can produce a 
changed outlook on the world. These empirical discoveries of 
mind-altering drugs occurred over several millenia and in vir- 
tually all parts of the world. Despite the variety of different 
agents discovered to have intoxicating properties, most societies 
limited these drugs to relatively few uses. The predominant use 
was for producing a mystical experience, a sense of communion 
with gods. Persons under the influence of these agents were be- 
lieved to have supernatural powers of healing and divination. 
Less frequently, such drugs were employed for increasing socia- 
bility, much as alcoholic beverages are taken in our present 
culture. No doubt, such drugs were also used for healing pur- 
poses, similar to the nepenthes of the Greeks. 

One can only speculate about the process whereby so many 
different agents were discovered. Very likely such discoveries 
were accidental: A hungry hunter or warrior would eat a strange 
plant as a food, only to discover its unusual powers on his mind. 
Under such conditions it is easy to imagine how an extensive 
mythology might become established regarding the divinity of 
a plant, and a cult of users might be started.” The interplay 
between drugs which produce chemical psychoses and religion 
persists even until the present, as evidenced by the current LSD 
cult. The drugs may change; man’s nature does not. 

We shall now briefly review the history of the more-favored 
materials for producing the unusual alterations in mental func- 
tions without unconsciousness which might be termed “chemical 
psychoses.” My purposes will be to demonstrate the antiquity of 
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the tradition of mind-altering drugs, the wide varicty of sul. 
stances discovered, the wide geographical areas in which drugs 
of this type were used and the principal uses which were made 
of these agents. Such an historical perspective on psychotomi- 
metic drugs may lead the reader to regard the present status 
of these drugs in the light of the French aphorism: “The more 
things change, the more they are the same.” 


LYSERGIC ACID DIETHYLAMIDE (LSD-25) 


The lysergic acid residue is the chemical basis for most of 
the natural ergot alkaloids, and may be subjected to chemical 
manipulation to produce a number of semisynthetic compounds, 
Ergot (Claviceps purpurea) is the product of a fungus which 
grows on various kinds of grains, especially on rye. LSD-25, a 
laboratory code name which has become a household word, was 
first prepared in the course of investigations on the partial syn- 
thesis of ergometrine, one of the natural ergot alkaloids with pre- 
dominantly oxytocic action. The diethylamide configuration of 
the new compound resembled the chemical structure of the 
analeptic, nikethamide, and it was hoped that it might have 
similar properties. 

Despite the first synthesis of this compound in 1938 by Stoll 
and Hofmann, it was not until 1943, in a classic example of 
medical serendipity, that the psychotomimetic effects of the 
drug were discovered.** The verbatim account of the discoverer, 
brief, objective and precise, should guide all who investigate this 
material. Here is what Albert Hofmann wrote: 


On a Friday afternoon, April 16th, 1943, while working in the 
laboratory, I was seized by a peculiar sensation of vertigo and rest- 
lessness. Objects, as well as the shape of my associates in the labora- 
tory, appeared to undergo optical changes. I was unable to concen- 
trate on my work. In a dreamlike state, I left for home, where an 
irresistible urge to lie down and sleep overcame me. Light was so 
intense as to be unpleasant. I drew the curtains and immediately 
fell into a peculiar state of “drunkenness,” characterized by an ex- 
aggerated imagination. With my eyes closed, fantastic pictures of 
extraordinary plasticity and intensive color seemed to surge towards 
me. After two hours, this state gradually subsided and I was able to 
eat dinner with a good appetite.™* 
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Hofmann correctly attributed this unusual state to some 
exogenous intoxication, possibly due to d-lysergic acid diethyla- 
mide (designated hereafter simply as LSD), a substance he had 
been working with just before becoming ill. He had only been 
working with minute quantities of the substance, and it seemed 
unlikely that he could have absorbed enough to cause such 
profound effects. Still further against incriminating this sub- 
stance was the fact that the symptoms did not resemble those 
associated with ergot poisoning. Being a chemist, Hofmann de- 
cided to get to the heart of the matter by taking a small quan- 
tity, only 0.25 mg, of the material a few days later. His pharma- 
cologist colleague, Dr. E. Rothlin, being more cautious, took 
only 0.05 mg, and had minimal effects, but Hofmann’s dose was 
adequate to reproduce in considerable intensity what is now 
a well-defined clinical syndrome from one of the most potent 
drugs known to man. 

By 1947 a clinical psychiatric study reported the effects of 
LSD when administered on twenty-nine occasions to sixteen 
normal subjects and on twenty occasions to six schizophrenics.” 
The original description of the clinical syndrome made by Hof- 
mann was essentially confirmed, the drug proving to be active 
in extraordinarily small amounts (20 to 30 yg orally). It was 
assumed that the drug psychosis was of the acute exogenous 
type, and was not especially like naturally occurring psychoses. 

It was several years before the full impact of this discovery 
bore fruit. Since then the stream of investigations concerning 
LSD has multiplied to a flood. Much of the impetus for this 
renewed interest in chemicals which produce psychoticalike 
symptoms has come from the later discovery of chemicals which 
ameliorate naturally occurring psychoses. Despite the intensive 
investigation of LSD, serious doubt still exists concerning its 
validity as a model for naturally occurring psychoses. Still more 
doubt exists about the mechanism by which such minute amounts 
of a chemical evoke such profound mental alterations. 

For many years it was thought that LSD-25 was somewhat 
unique in being a product of the laboratory rather than of na- 
ture. As will be pointed out further on, later investigation of the 
active principles of the ololiuqui have indicated that similar 
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chemicals account for the mental effects of this natural psycho- 
togen. Even so, it would seem unlikely that compounds of 
chemical structure similar to LSD would occur in human me- 
tabolism and serve as an endogenous psychotogen; a more likely 
possibility would be some compound in the phenylethylamine 
series analogous to mescaline, 


PEYOTE (MESCALINE) 


Peyote seems to be a Spanish version of the Aztec term 
peyotyl, referring to a cactus, Anhalonium lewinii or Lophophora 
williamsi, which grows in the northern regions of Mexico. Peyote 
was used by individuals primarily as a medicine or to obtain 
visions for purposes of prophecy and divination. The plant was 
used collectively in tribal dancing rites, the purpose evidently 
being to induce a trance state during the dances. Its employment 
for religious or magical purposes dates from pre-Columbian 
times, as peyote is depicted on archeological ruins from this era 
in Mexico. Little is known of its pre-Hispanic history. 

Apparently the peyote cult was limited to Mexico for several 
centuries, but in the nineteenth century it spread north to the 
American Indians, probably by marauding bands of Kiowas and 
Comanches who obtained quantities of the cactus from the 
Huichal Indians of Old Mexico. Later, formal trading of sup- 
plies occurred annually. A fully developed peyote religion de- 
veloped by the 1880s, and then spread rapidly over the North 
American continent to become the most widespread indigenous 
American Indian religion. The basic theological beliefs were 
Christian and a Church, the Native American Church, was for- 
mally incorporated in 1918. The forty thousand members hold 
that the peyote cactus is divinely endowed with the ability to 
shape a man’s life; it is taken as a sacrament. 

When taken in its native state, peyote is less than a gourmet’s 
delight. Here is one account: “You have to peel the peyote 
before eating it . . . it was like a cucumber, green and slightly 
crisp, but toward the center it became white and cottonish. I 
cut it up into small pieces and popped one into my mouth ... 
Neyer in my life had I tasted anything so horrible. It was like 


an essence of Epsom salts, only many times worse. I am not 
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usually finicky where food is concerned . . . but I could hardly 
get the peyote down, and each time I had managed to eat a 
mouthful it threatened to come up again . . .” Besides invoking 


nausea or vomiting from its unappetizing appearance and taste, 
the active principle, mescaline, is a nauseant, causing many a 
devotee to remark that “vomiting was the price of entry into 
paradise.” 

Mescal, from which the Mescalero Apache take their name, 
is often confused with mescaline, but is an alcoholic drink. The 
term mescal buttons was given the dried tops of peyote by 
frontiersmen who thought the intoxication from this plant was 
the same as from mescal. Among the Mescaleros, peyote was 
kept by the shaman for ceremonial use only, to protect individual 
users who did not know how to use its power properly from 
going mad. The primary purpose of peyote meetings was for 
doctoring; other uses were for locating enemies, finding lost 
objects or foretelling the results of a venture. 

The main alkaloid in the cactus, mescaline, was first isolated 
by A. Heffter in 1896. The chemical structure of mescaline was 
elucidated by E. Spaeth in 1918; he also succeeded in synthesiz- 
ing it. Pharmacological studies began near the turn of the century 
with the work of Louis Lewin; studies were continued later by 
men such as Havelock Ellis, Weir-Mitchell, and Heinrich Kluver, 
investigators who later became better known for other work.” 

At present the peyote cult remains active in the Southwestern 
United States in the dwindling membership of the Native 
American Church. Attempts have been made by law-enforcement 
agents to prevent the use of peyote in these religious rites, but 
the right of the Indians to continue the long-established peyote 
cult was recently upheld by the California State Supreme Court. 
_ Such freedom is not granted to nonmembers of this church, for 
mescaline, as well as most other of the currently favored psycho- 
tomimetics, has recently been placed under the restrictions of 
the Drug Abuse Control Amendments of 1965, passed by the 
eighty-ninth United States Congress. 


MEXICAN MUSHROOMS (PSILOCYBIN) 
.  Teonanacatl (“food of the gods”), the sacred mushroom, 


; 
\ 


~~» ‘mushroom cult. 
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plaved an important part in the pre-Columbian cultures of 

Mexico and Central America. This mushroom, which thrives jn 

cow dung in the rainy highlands, is taken in a semireligious set- 

ting presided over by a curandera, or priestess, who conducts the 

eremony in a candle-lit room. Pagan and Christian elements are 
1 


blended in the all-night ceremony, which may include a curing 


The cult of a divine mushroom in Central America can be 
traced back to about 1500 B.C.. based on stone artifacts now 
thought to represent mushrooms. The geographical distribution 
of these stones indicates that the cult extended at least from the 
Aztecs in Mexico to the Mayas in Guatemala. Incbriating mush- 
rooms were said to be part of the coronation feast of Montezuma 
in 1502. In pre-Columbian tribes the Aztecs ate these mush- 
rooms primarily in religious ceremonies. Persecuted by the early 
Christian ecclesiastical authorities, members of the mush- 
room cult went into hiding in the mountainous regions. 

A little over a decade ago an amazing husband-wife team 
rediscovered the mushroom cult. Gordon Wasson, a New York 
banker by vocation and an amateur ethnologist by avocation, 
and his wife, Valentina Pavlovna, a student of mushrooms, sct 
out to observe the ancient ritual of the Oaxacan Indians. Not 
only did they make such observations, but they were able to 
obtain specimens of the mushrooms being used.**’ These were 
identified by the well-known mycologist, Heim, as foliate mush- 
rooms of the genus Psilocybe. Heim was able to cultivate this 
species in the laboratory from spores, providing an abundant 
supply of material so that chemists could isolate the active 
principal. Dr. Albert Hofmann, who had previously identified 
lysergic acid diethylamide as a psychotomimetic, and his col- 
leagues at the Sandoz Laboratories at Basel were able to isolate 
two materials from the Psilocybe mexicana Heim. Psilocybin, the 
main component, was a phosphorylated indole, the first naturally 
occurring phosphorylated alkaloid discovered. A second com- 


ponent, psilocin, was not phosphorylated, but was equally active. 


The effects of these alkaloids were essentially the same as for 
the whole mushroom, as depicted in the older chronicles of the 
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Ololuiqgui is the Aztec name for seeds of certain convolvu- 
laceous plants used from pre-Hispanic times in Mexico. These 
seeds were used for religious purposes in much the same way as 
the sacred mushroom, teonanacatl, or the cactus, peyotyl. Two 
different seeds were employed, brown and black, the former de- 
rived from the vine Rivea corymbosa and the latter from Ipomoea 
tricolor Cav. Brown seeds are called badoh in Zatopec language, 
and black ones badoh negro.’ 

Both types of seeds contain an alkaloidal mixture of nearly 
the same composition. Surprisingly, lysergic acid derivatives 
have been found to be the psychotropic principles of this ancient 
magical plant, a case in which it might appear that nature was 
imitating art. The psychotomimetic activity of the ololiuqui is 
due mainly to the content of d-lysergic acid amide (ergine), 
d-isolysergic acide amide (isoergine), elymoclavine and lysergol. 

The seeds were often made into a concoction which, mixed 
with insects and other noxious agents, was rubbed onto the 
bodies of priests, who then became fearless witches and saw 
and spoke with the devil. They also drank a concoction of the 
leaves. Unlike peyotyl, which was taken in group rituals, ololiuqui 
was taken in solitude, usually in a quiet place at night. Divina- 
tions occurred, including the finding of lost things. 

Ololiuqui was mentioned in Spanish writing of the sixteenth 
century, along with peyotyl and teonanacatl. The Franciscan, 
Father Bernadino de Sahagun, wrote in his Historidad General 
de las Cosas de Nueva Espajia of the effects: “There is a plant 
bearing the name coatlxoxouhqui (green-snake) the seeds of 
which are called ololiuqui. This seed addles and confuses the 
mind, The natives give it to those whom they wish to harm. 
Whoever partakes of it has visions and sees frightful things.” 
Even today the seeds are still used for magical purposes by 
certain Indian tribes who live in relative isolation in the moun- 
tainous regions of southern Mexico, in the province of Oaxaca. 

The Swedish pharmacologist, C. G. Santesson, attempted to 
isolate the active principles of Rivea corymbosa in 1937, but 
failed. He did demonstrate that alcoholic extracts caused “a 
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partial paralysis of the brain, a sort of narcosis or seminarcosis” 
when administered to mice and frogs. In 1955 Humphrey Os. 
mund experimented on himself with the seeds. After taking 
from sixty to one hundred seeds, he fell into a state of apathy 
and indifference, accompanied by increased visual sensitivity, 
After a period of four hours these effects were succeeded by a 
longer period of well-being. 


HASHISH (CANNABIS) 


Hasheesh is an Arabic name which literally means “dried 
herb.” The tall annual herb from which the drug is obtained is 
hemp, related to the figtree and the hop. Both male and female 
forms come to flower on separate plants, which were named by 
Linnaeus in 1753; different varieties are called Cannabis indica 
or americana. The stem of the male plant is used to make the 
fiber known as hemp; the alkaloidal portion is located in the 
flowering clusters and top leaves of the female plant. _ 

Hashish is the resin of cannabis, which is collected in various 
ways, including running through the fields naked and catching 
it on the bare skin. The resin may be taken in many ways: as an 
additive to a drink, as a candy, or eaten directly. The dried tops, 
shoots and flower pistils of the plant are often powdered and 
smoked in cigarettes, the customary way the drug is now taken 
in Western countries.” 

Hemp was probably used millenia ago in China and India. 
Herodotus, the Greek historian (484-424 BC) mentions its use: 
“The Scythians, as I said, take some of this hemp-seed and 
creeping under felt coverings, throw it upon the red-hot stones; 
immediately it smokes and gives out such a vapor as no Grecian 
vapor-bath can exceed; the Scyths, delighted, shout for joy, and 
this vapor serves them instead of a water-bath, for they never, 


_ by any chance, wash their bodies with water.” The historian’s 


sarcasm notwithstanding, the principal use of the drug was un- 
doubtedly for a deliberate alteration of consciousness or as a 
prescribed treatment for various diseases. 

_» Members of a religious-political sect founded in the eleventh 


". century became known as “assassins,” from the Arabic word 
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hashishin (“hemp-eaters). This sect adopted murder, or as- 
sassination, of enemies as a religious duty. Allegedly the ter- 
rorists would take hashish to induce visions of paradise before 
setting out to face martyrdom. Such visions of paradise from 
hashish were reported by travelers such as Marco Polo. Pliny, 
however, stated that the drug was “adverse to virility,” which 
might be construed by some as less than paradisiacal. 

Of all hallucinogenic drugs, cannabis was the first to be 
employed for producing model psychoses. In 1845 Moreau de 
Tours wrote a monograph, Du Hachisch et de lAlientation 
Mentale, in the course of which he said: “By mode of its action 
on the mental faculties, hashish gives to everyone who submits 
himself to its strange influence the power of studying, on him- 
self, the moral disturbances of mental illness, or at least the 
principal intellectual disorders from which all kinds of mental 
disturbances originate.” Moreau not only took the drug himself 
to gain insights into mental illness but also administered it to 
his students.” 

At present, it is estimated that cannabis is used by 200,000,000 
to 300,000,000 people in the world, nearly as many as those who 
take opium. It has known many names over the years: dawanasc, 
bhang, ganja, charas, muta, greeta and, more recently, 
marihuana, muggles, pot, reefer, gauge or tea. Its use or pos- 
session in the United States is a Federal crime, but despite this 
severe interdiction its easy cultivation and the relatively in- 
conspicuous way in which it can be taken permits a substantial 
continuing use. Organizations of rebellious youths have come to 
its defense, carrying placards bearing slogans such as: “Let's 
legalize pot,” or “Pot is a reality kick.” The tragedy is that, 
despite the long and extensive use of cannabis, so little is known 
of its human pharmacology that any argument for or against its 
liberalized use has little factual basis. 


Although marihuana is frequently mentioned as a drug taken 


_. early in the history of heroin addicts, it is probable that such 


an association simply represents the fortuitous combination of a 
- compulsive drug-taker and an easily available drug. As used in 


- Ee the United States, marihuana has comparatively mild effects. 
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Much antisocial behavior has been attributed to its use; but, as 
is often the case, the drug probably does no more than release 
such behavior. An extensive survey of the medical and socio- 
logical effects was published in 1944, but scarcely any further 
work has been accomplished since.?® 


BELLADONNA ALKALOIDS 
AND OTHER ANTICHOLINERGICS 


Solanaceous plants grow all over the world, and it became 
recognized early that some varieties, such as Atropeae and hyo- 
scyameac, evoke bizarre mental states when eaten. These plants 
contain the alkaloids, atropine, hyoscyamine and scopolamine, 
which in small doses have had a long and continuing medical 
use as antispasmodics or mild sedatives. In large doses they pro- 
duce a characteristic delirium lasting for hours, as well as many 
peripheral anticholinergic effects, such as tachycardia, dry mouth 
and dilated pupils. The pupillary dilatation from these drugs was 
used cosmetically by beautiful women (bella donna), giving the 
name belladonna alkaloids to this group. 

In Europe, first-century Romans were aware that the black 
variety of Hyoscyamus caused insanity. Before that the plant 
had been used in Greece as a means to evoke prophecies. In the 
Middle Ages, sorcerers used it as a potion for conjuring up 
demons. A species of henbane called by the Arabs sekaran 
flourished in Egypt and surrounding lands. The dry, felt-like 
leaves were smoked in order to produce a state of inebriation. 
The practice of habitually smoking for pleasure the leaves of 
Datura stramonium has been found in various parts of Africa and 
India. Frequently, leaves from the plant are mixed with other 
intoxicants, such as cannabis, alcohol or tobacco. American 
Indians have been known simply to chew the leaves. 

An instance of mass poisoning with Datura stramonium oc- 
curred in some British troops bivouacked in Jamestown, Vir- 
ginia, in 1676. They had cooked the plants as a food, and for 
several days many of the group behaved in a strange and comical 
manner, some taking eleven days to recover and having amnesia 


for the entire event. The narcotic properties of the Jamestown, 
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or Jimson, weed soon became known among the colonists, though 
apparently it was not news to the Indians. The latter had used 
various forms of Datura in their religious ceremonies, often as a 
means of promoting visions. Another use was the intoxication of 
young braves of the tribe during painful initiation ceremonies. 

For the past twenty-five years an increasing number of anti- 
cholinergic drugs have been synthesized as possible replacements 
for the natural belladonna alkaloids. As the desired anticholiner- 
gic effects are largely peripheral, those with strong central effects 
are largely rejected. Recently, interest has again turned to a 
series of piperidyl benzilate esters having potent central anti- 
cholinergic actions.* These drugs, just as the naturally occurring 
ones, produce a profound delirium which may last for days 
following large doses. Unlike the mental states produced by 
other psychotomimetics, the delirium from drugs of this class 
is disagreeable, frightening and scarcely ever deliberately re- 


peated by a subject. 


BUFOTENIN AND RELATED COMPOUNDS 


Bufotenin was first discovered in the skin glands of toads 
(Bufo vulgaris), from which the name is derived. It also occurs 
in the seeds and leaves of the mimosacea, Piptidenia peregrina 
Benth, which are used by some Indian tribes in the Orinoco 
region of South America to prepare a snuff called cohoba, which 
is supposed to render their warriors fearless and insensitive to 
pain. The use of this hallucinatory snuff was described as early 
as 1496 during the second voyage of Columbus. Besides bufo- 
tenin, the plant also contains amounts of a closely related 
chemical compound, N,N-dimethyltryptamine. The latter occurs 
in Prestonia amazonicum, extracts of which are used by South 
American Indians as an hallucinatory drink.’ 

Modern experiments with both bufotenin and dimethyltrypta- 
mine have been relatively few. Effects are slight from oral ad- 


-... ministration as compared with intravenous dosage; they are 


: =: _ usually quite brief and intense, though qualitatively like some 
4s. Of the other psychotomimetic drugs. One may speculate that the 
oe administration of the drug as a snuff, permitting slow absorption 
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directly into the systemic circulation, modifies the psychic effects 
considerably. 
HARMALA ALKALOIDS 


A narcotic drink known in the western Amazonian regions 
as caapi (Brazil and Colombia), yage (Colombia) and ayahuasca 
(Ecuador, Peru and Bolivia) is made from closely related plants 
of the family Malpighiaceae such as Banisteria. ogapi or Prestonia 
amazonicum. The active principles are harmine and similar alka- 
loids, also found in Peganum harmala, a plant which grows on 
the Asian steppes. The drink is used ceremonially by South 
American Indians, sometimes in feasts that last as long as a 
week. It may also be used on other occasions when a person 
wishes to pass into a state of trance, during which the future 
and the best possible course of his actions are revealed to him. 
These drugs have evoked little modern interest.’ 


IBOGAINE 


Ibogaine is an alkaloid derived from the root bark of 
Tabernanthe iboga, which grows in the French Congo. Its use 
as iboga or Aboula in secret rituals is limited to tribes in this 
area. The hallucinations and murmurings of the subject are 
interpreted by the elders of the cult, the main use of the drug 
being for divination. A crude extract of the root, Lambarene was 
used in France in the 1900s for increasing strength following 
fatigue or illness. Virtually no modern studies of this drug exist.” 


KHAT (CATHA EDULIS) 

An alkaloid found in twigs and leaves of the tree Catha 
edulis is variously called: khat, gat, qu’at, chat, tshat or tchai 
by the Ethiopians and Abyssinians; tshott and djimma by the 
Yemenese and Adenese; miraa, mirra or cafta by the Kenyans 
and Somalilandese; and bushman’s tea by South Africans. 

Its use in Ethiopia is probably prehistorical. Arab literature 
refers to the use of khat in the fourteenth century, the Abyssinians 
probably having introduced it into Arabia between the first 
and sixth centuries A.D. The tree grows wild in Africa, but is 
cultivated in two main centers—Harrar in Abyssinia and Meru in 


_ Kenya. It is grown on terraced mountain slopes at altitudes of 
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5,000 to 7,000 feet, each orchard containing eight to twelve 
trees. The produce of cultivated trees is of high quality, though 
several different forms of khat are recognized, depending on the 
part of the tree from which they are derived (leaves, branches, 
branchlets, twigs or various combinations ).” 

The drug is usually taken by chewing branchlets or leaves 
for up to ten minutes until all the juice is extracted. It is cus- 
tomary to smoke while chewing, and to drink copious amounts 
of water. The Arabs, Somalis, Kikuyu, Meru. Abyssinians and 
Masai use the plant in this way. In Ethiopia it is eaten as a 
paste mixed with honey, and also as a curry powder, while in 
parts of Arabia the dried leaves are smoked like tobacco. Usually 
the drug is taken in social gatherings for its euphoriant effect, 
but in large doses it is said to cause agitated psychosis and 
hallucinations. A large amount of the drug is currently consumed 
in Africa and the Middle East. 


KAVA 

Kava (also known as kawa, kava-kava, ava) is a drink widely 
used in the South Pacific since times of antiquity. It is prepared 
from an indigenous plant, Piper methysticum, whose roots pro- 
vide the major source of the intoxicant. The demand for root 
is so great that in times past it has been cultivated in planta- 
tions. Although the root is often extracted by grinding, the more 
common way is for it to be masticated by specially chosen 
members of the group, following which an aqueous extract is 
prepared.” 

The drink is used in ways similar to those of Western people 
in regard to alcoholic beverages. It may be taken in some so- 
cieties with food, in others in social or religious settings or at 
other times simply to get drunk. Due to Western influence, 
alcohol is gradually supplanting kava as an intoxicant. The effects 
of the drug are said to be initially euphoriant followed by seda- 
' - tion. Habituation to kava similar to that of alcoholic beverages 
_. has been noted. 


he SOMA 
"This legendary drink was prepared from a number of plants, 
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and it is not at all sure that the same effects were obtained 
from each of the various sources. Some was used ritualistically 
by the Aryans on the northwestern Indian border of Afghanistan, 
and by the Indo-Iranians. It was considered to be a Bacchus-like 
god, being lauded in 114 hymns of the Rigveda IX and as a 
coequal of other gods such as Indra, Agni and Rudra. 

The pressed juice of the plant was fermented into a wine, 
either taken as such or mixed with milk and honey, the latter 
no doubt enhancing further fermentation. It was supposed to 
give courage, health, long life, visions of paradise and a convic- 
tion, through some sort of immediate experience of timelessness, 
of the immortality of the drinker’s soul. It has been speculated 
that the purely psychological techniques of yoga were developed 
when soma became less available. 

The word Soma is of Greek origin, and applies to the body, 
as opposed to psyche, applied to the mind. Its application to a 
drug was revived by Aldous Huxley in Brave New World. More 
recently it has been used as a trade name for a sedative-muscle 
relaxant drug, carisoprodol. 


SUMMARY 


Chemical modifications of mental function are as old as 
human history. Societies in virtually every portion of the world 
have discovered natural drugs which change man’s awareness. 
Until quite recently most sources of such drugs have been crude 
extracts of plants, but advances in chemistry have made possible 
the isolation and synthesis of most of the active principles of 
the traditional plants, as well as the development of completely 
new agents. The principal uses to which psychotomimetic drugs 
have been put in the past were for religious or magical celebra- 
tions, for increasing sociability, for treating or understanding 
emotional disorders and for simply making an arduous life more 
pleasurable. The current employment of these agents is not 
much different from the past, although emphases have changed 
and attempts at scientific evaluation are being made. 


Chapter IT 


TYPES OF PSYCHOTOMIMETIC DRUGS 


4 RANGE of drugs affecting the mind is incredibly broad. 
Jt is of more than passing interest that each of the three drugs 
most widely used in Western society, caffeine, nicotine and 
alcohol, have some central nervous system actions. Many com- 
monly used therapeutic agents evoke adverse mental reactions 
as a complication of treatment (Table I). Excessive dosage, 
either dependent upon or combined with some prior personality 
disturbance in the patient, is found to be responsible for the 
adverse mental reactions in most instances, though some are 
apparently idiosyncratic. In any case, the list of drugs which 
in one way or another may cause mental disturbances is quite 
long. 

To these adverse reactions during treatment one can also 
add those disturbed mental states which are deliberately evoked 
by abuse of therapeutic agents. Many ultrasophisticates, in their 
use of mind-altering drugs, have found that drugs other than 
opiates may often meet their needs, which are apparently for 
some alteration of the senses, no matter what type of change 
is produced. Barbiturates, stimulants (frequently methampheta- 
mine), synthetic or actual exempt narcotics (such as dextro- 
methorphan or tincture of paregoric) may be alternated with 
stronger but less easily obtainable fare such as opiates and psy- 
chotomimetics. As is well known, the juvenile of this breed has 
turned to “glue-sniffing,” subverting a hobby into a “high.” 


DEFINITION OF PSYCHOTOMIMETIC DRUGS 


While any definition of the term psychotomimetic- drugs is 
bound to be arbitrary, one can limit the field somewhat if the 


following criteria are used: (a) In proportion to other effects, 
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TABLE I 
THERAPEUTIC DRUGS PRODUCING 
ADVERSE BEHAVIORAL REACTIONS 
Schizophreniclike reactions 
Amphetamines—dose; previous psychopathology 
Phenmetrazine 
Phenacemide 
Corticosteroids—also other types of reactions 
Depressive reactions 
Rauwolfia alkaloids—predisposed personality 
Hydralazine 
Guanethidine 
Methyldopa—depletion of brain norepinephrine 
Deliria : : 
Anticholinergics of all types, including those used to treat paralysis agitans, 
such as biperiden and procylcidine 
Mydriatics—cyclopentolate, homatropine from conjunctival absorption 
tidepressants with predominant anticholinergic effects, such as imipramine 
and amitryptiline 
Iproniazid—increased in brain norepinephrine 
Cycloserine 
Bemegride 
Barbiturates and opiates—in susceptible individuals 
Withdrawal reactions 
Barbiturates—excessive dose is common to all these 
Ethchlorvynol 
Glutethimide 
Ethinamate 
Meprobamate 
Chlordiazepoxide—may be delayed 
Diazepam 
Unclassified mental reactions 
Digitalis 
Disulfiram 
Quinacrine 
Nitrogen mustard 
Sulfonamides 
Antihistaminics 
Penicillin—with or without an anaphylactoid reaction 
td 


changes in thought, perception and mood should predominate; 
(b) intellectual or memory impairment should be minimal with 
doses producing the above mental effects; with large doses these 
may occur; (c) stupor, narcosis or excessive stimulation should 
not be an integral part of the action; (d) autonomic nervous 
system side-effects should be neither disabling nor severely dis- 
concerting; (e) addictive craving should be minimal. Even with 
criteria such as these, drugs admissible to the list may vary, 
depending upon the investigator. Indeed, one can scarcely get 
any agreement upon the term used to describe this class of 
‘drugs, as many objections to the most likely used term, psychoto- 
mimetics, can be offered. Depending to a great extent on what 
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use one envisions for these agents, the following terms are often 
submitted: hallucinogens, phantasticas, psychotogens, dysleptics 
and psychedelics. Nevertheless, psychotomimetic enjoys a 
broader use and has seniority over most of the alternatives, as 
well as being about as accurate a designation as any of them. 


CHEMICAL BASIS FOR CLASSIFICATION 

Basing a classification on chemical structures, one can sep- 
arate seven groups of these drugs: (a) lysergic acid derivatives, 
of which d-lysergic acid diethylamide (LSD) is the prototype; 
(b) phenylethylamine derivatives of which 3,4,5-trihydroxy- 
phenylethylamine (mescaline) is the prototype; (c) indolealkyla- 
mines, such as 4-phosphorodimethyltryptamine (psilocybin); 
(d) other indolic derivatives, such as the harmine alkaloids or 
ibogaine; (e) piperidyl benzilate esters, such as N-ethyl-3-piper- 
idyl cyclopentylphenyl gylcolate (JB-329, Ditran®); (f) 1- 
phenylcyclohexyl compounds, such as phenylcyclidine (Sernyl®); 
and (g) a miscellaneous group of varying chemical structures. 
Each of these groups will now be discussed separately at some 


length. 
' LYSERGIC ACID DERIVATIVES 


Lysergic acid is the basic structure of ergot alkaloids, pro- 
viding a natural material which can be subjected to synthetic 
chemical manipulation. The story of the fortuitous discovery 
of the profound mental effects of LSD in 1943 at the Sandoz 
~ Laboratories at Basel is now a classic. Albert Hofmann had 

been synthesizing various amides of lysergic acid, among other 
/.2«, structures, trying a diethylamide substitution. The hope was 
»... that the resemblance of this structure to the stimulant niketha- 
- » *mide (see Fig. 1) would lead to a potent analeptic agent. On 

‘the way home from work after having handled the resultant 
_fompound, Hofmann was seized by a bizarre mental state 
- which he correctly attributed to the accidental ingestion or 
dohalation of the material he had been working with (see 
Chapter 1 for a detailed account). He subsequently took what 


aan enough to indicate clearly that LSD was one of the most 
ful agents known to pharmacology. . 
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Contamination of an cdible grain, rye, by the ergot fungus 
(Claviceps pupurea) had been known for centurics to produce 
untoward physiological effects, including precipitate delivery, 
In the Middle Ages, an epidemic of ergot poisoning swept 
Europe. Although most of the manifestations of the holy fire 
or St. Anthony’s fire, as the illness is called, were related to 
peripheral vasoconstriction and gangrene, some patients had 
convulsive seizures and deliria. It has been speculated that these 
mental changes may have been attributable to some content of 
LSD or kindred material in the fungus. The issue remains un- 
proven, for one might just as casily attribute the mental symp- 
toms and neurological signs to a central effect of ergot. In any 
case it is quite certain that Hofmann was not the first to obtain 
a temporary form of madness from a chemical of this class. The 
seeds of Rivea corymbosa (ololniqui) had been used for many 
years by Mexican Indians for mind-altering effects. As Hofmann 
and his associates were to later prove, this plant produces 
naturally a material similar to LSD (sce below). 

The discovery of LSD captured the imagination of investi- 
gators (as it was later to do so with the lay public), and almost 
two thousand scientific papers have been published regarding 
aspects of the actions of it and related drugs. Much impetus for 
these studies came from the appearance in the last decade of 
effective psychotherapeutic drugs whose modes of action might 
possibly be explained in terms of some blocking of effects of 
LSD. Interest evoked by LSD has led to the identification of 
several other types of psychotomimetic agents. 

Structure-activity relationships of LSD are not clearcut (see 
Fig. 1). The free amine derivative is active, as well as an alcohol 
form; excessive substitution on the amide group changes the 
_ qualities of the drug, ergometrine being a potent constrictor of 
~ uterine muscles. The next highest or lowest homologues, dipropyl 
: -s or dimethyl amides, are far less active than LSD. Stereoisomerism 
© “is -eritical, the 1-form or the opposite epimer being inactive. 
~ Bromination of the lysergic acid nucleus at the 2-position with 
“or without methylation at the 1-position also renders the com- 
pound Inactive a4 & peychotomimetic without impalrin ing anti- 
cy. D-lysergic acid monoethylamide has been 
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Ficure 1. Structural relationships of lysergic acid derivatives. 


found in extracts from Rivea corymbosa (ololiuqui) and Ipomea 
tricolor seeds, and is believed to account for the similar psycho- 
tomimetic effects of these materials. None of the other active 
lysergic acid derivatives, however, has anything like the potency 
of LSD. 59,287 
LSD has many different pharmacologic effects, none of 

which, unfortunately, explains its psychotomimetic action. Cen- 
_ tral sympathetic stimulation is manifested by dilated pupils and 
~ tachycardia (and also in apimals by hyperthermia, piloerection 
. and hyperglycemia). Increased sensitivity to new stimuli sug- 
 §ests an arousing effect on the reticular activating system. An- 

: tagonism of serotonin may be of little specificity. Monosynaptic 
-“teflexes, such as the deep tendon reflexes, are stimulated. Smooth 
_ thusele contraction and vasoconstriction are seen in animals, but 
= iearely are of clinical significance. 
~*~ The threshold dose for detecting clinical effects of the drug 
oy about. 0.5 mglkg. oo doses used in clinical studies 
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range between 1 and 2 pg/kg, which is adequate to produce 
a profound mental effect without excessive confusion. Higher 
doses have been used with impunity (more than 1000 vg ing 
single dose), but as the dose increases so does confusion and 
intellectual impairment. The drug is equally active when given 
orally or parenterally, only the rapidity of onset of effects being 
different; intrathecal injection produces almost immediate ef. 
fects. 

LSD has the empirical formula C2oH2;ONs, with a molecular 
weight of 323. It is frequently made up as the tartrate salt which 
crystallizes from methanol in the form of long needles of varying 
sizes in parallel arrays. This salt is readily soluble in water, the 
drug remaining stable in solution over long periods of time. 
Small blue tablets containing 25 yg each have been made by 
Sandoz Pharmaceuticals for supply to accredited investigators, 
Ampoules containing 100 »g/cu ml have also been prepared for 
parenteral administration. A trade name, Delysid®, has been 
copyrighted. 


MESCALINE AND OTHER PHENYLETHYLAMINES 


Mescaline is most active material found in the Mexican 
cactus, Anhalonium lewinii (or Lophophora williamsii), called 
by its Aztec name, peyotl. As is the case with most substances 
used ceremonially by primitive peoples, the use of this plant is 
longer than the known history of the people. In the last century 
the peyotl cult spread to Indians in the southwestern portion 
of the United States, who mixed drugs with Christianity in the 
Native American Church. When used ceremonially, the drug is 
taken in the form of “buttons” which are chewed until the 
alkaloids are extracted, the residue being spat out. The drug 
obtained is called peyote. 

The alkaloid, mescaline, was first isolated in 1896, and its 
chemical structure was determined in 1919. From the turn of 
the century on, the drug was studied in a dilatory fashion by 
a number of outstanding scientists better known for other work: 
Havelock Ellis, Weir-Mitchell, William James and Heinrich 


ae ee — Kiluver. Recently, the drug’s most ardent booster has been @ 
_'~ diterary figure, Aldous Huxley. Besides mescaline, other alkaloids 
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contained in the cactus are N-methyl- and N-acetylmescaline, 
each of which is less active than mescaline itself; N,N-dimethyl- 
mescaline, found in other species of Lophophora, has no psycho- 
tomimetic effects. 
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Ficure 2. Structural relationships of phenylethylamine derivatives. 


As..can be seen in Figure 2, mescaline, like the biogenic 
amines, norepinephrine and epinephrine, is a phenylethylamine 
derivative. A somewhat related material, d-norpseudoephedrine, 
has been found in khat, derived from the leaves of the tree 
Catha edulis and used since prehistory by Ethiopians and 
Abyssinians. While this is an active material, it should be ex- 
pected to act more like a conventional stimulant than a true 
psychotomimetic. Agitation and hallucinations are attributed to 
its use, which is widespread. 

In the case of mescaline, an oxygen-linked substituent at all 
three (3,4,5) positions on the ring seems needed for activity. 
Even if one of these is an hydroxyl rather than a methoxy 


ee Ts é group, as in the case of several possible mescaline metabolites, 
Petes _» some activity is retained. However, complete loss of the methoxy 
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group in the 5-position, as in 3,4-dimethoxyphenylethylamj,, 
leads to a compound which is devoid of psychotomimetic actiy; 
when taken orally.’ As mentioned above, the free amine form 
of the molecule is generally more active than the substituteq 
form. 

A trimethoxy analogue of amphetamine shows much the 
same type of psychotomimetic activity as does mescaline, cop. 
firming the importance of this configuration. Alteration of the 
structure to a 3-methoxy-4,5-methylene dioxy compound still 
retains psychotomimetic activity. The latter compound bears 
some resemblance to myristicin, the material found in nutmeg 
which is supposed to account for the psychotomimetic effect of 
this spice. 

Despite the differences in chemical structure, mescaline has 
many of the same pharmacological properties as LSD, especially 
the central sympathetic stimulating action.2” Its lack of anti- 
serotonin effect again minimizes the importance of this action 
in explaining psychotomimetic activity. Clinical effects from 
mescaline are also quite similar to those produced by LSD, the 
main difference produced by the different chemical structure 
being related to potency. Usually mescaline is employed in a 
dose of 5 mg/kg, which, in a number of our studies, seems to 
be the equivalent of about 1.5 ug/kg of LSD. Like LSD, the 
drug may be given orally or parenterally, without there being 
any appreciable difference in potency between the routes of 
administration, 

Mescaline has the empirical formula C,;HizNOs, with a mo- 
lecular weight of 211. It is usually prepared as the hydrochloride 
or sulfate salts. The former salt crystallizes as needles and is 
soluble in water or alcohol; the latter salt crystallizes in prisms 
and is soluble in hot water or methanol. No pharmaceutical sup- 
plier has made up any standard preparations. Ordinarily the 
_ substance is weighed to the calculated dose for an individual 
and placed in a hand-filled capsule. 


__» INDOLEALKYLAMINE DERIVATIVES 
Mushrooms have been used ritualistically by Mexican Indians 


ae oe since pre-Columbian days. Teonanacotyl, or sacred mushrooms, 
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were used by priests and soothsayers to provide superhuman 
knowledge. The existence of the mushroom cult was rediscov- 
ered within the past ten years, and spores from mushrooms were 
cultivated in the laboratory. The mushroom, Psilocybe mexicana 
Heim, was found to contain a psychotomimetic material. Hof- 
mann, the discoverer of LSD, identified this material as phos- 
phorylated 4-hydroxydimethyltryptamine and was able to syn- 
thesize it (Fig. 3). This chemical, named psilocybin, is relatively 
unstable, the phosphoric acid grouping being lost soon after in- 
gestion. It is quite likely that all the activity is due to the re- 
sultant 4-hydroxydimethyltryptamine, or psilocin. Chemical re- 
semblance to the biogenic amine, serotonin, is quite evident. 
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A-hydroxydimethyltryptamine 
Ficure 3. Structural relationships of indolealkylamine derivatives. 


Psilocybin is unique in two respects, being the first natural 

_ phosphorylated indole to be isolated, as well as the only one 
-... With 4-hydroxylation. The 5-hydroxy analogue is known as bufo- 
>» tenin, a material first discovered in the skin of toads, whence the 
name. It is also found in a snuff called cohoba or epena, ob- 
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tained from seeds and leaves of Piptadenia peregrina Benp, 
and used by South American Indians to render their warrior 
fearless.’ A recently synthesized 6-hydroxy analogue has bee, 
found by us and others to lack any appreciable psychotomimetic 
activity. Thus it would appear that the position of the hydroxy] 
group on the indole nucleus is rather critical. Even the change 
from the 4- to the 5-position is important, for bufotenin is active 
only when taken parenterally, while psilocybin is quite active 
orally. Absence of a hydroxyl group does not eradicate activity, 
for N,N-dimethyltryptamine possesses effects resembling those 
of bufotenin. Nor is it required that the amine be substituted, 
The compound, alphamethyltryptamine, the indole analogue of 
amphetamine, has many effects analogous to the psychotomimetic 
drugs. 

Psilocybin has been extensively studied in the few years of 
its existence, coming as it did at the height of interest in these 
agents. In terms of milligram potency, psilocybin is more potent 
than mescaline, but still considerably less so than LSD. We find 
that doses of 225 ug/kg produce clinical effects comparable to 
doses of 1 to 1.5 ug/kg of LSD. The drug is active both orally 
and parenterally. Unlike LSD, parenteral administration en- 
hances potency somewhat. 

Because of the need for parenteral administration with the 
rapid infusion of large doses, as well as a very brief span of 
action and the presence of sometimes alarming. side-effects, 
many would doubt that bufotenin or dimethyltryptamine should 
be classified as psychotomimetics. Alphamethyltryptamine is 
active when given orally in doses of approximately 0.5 mg/kg; 
its action is quite prolonged with these doses, but again is not 


°. elearly psychotomimetic. 


INDOLIC DERIVATIVES 


The indole nucleus is found frequently in drugs affecting the 
mind, being evident in the structure of LSD as well as reserpine. 
Harmine, and to a lesser extent harmaline, are two alkaloids 
“which can be isolated from a number of closely related plants 
., growing in the western Amazon region. However, harmine was 

first isolated from Peganum harmala, which grows on the Asian 
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steppes. Harmine has also been referred to as banisterine, 
yageine or telepathine, the latter name connoting some of the 
mystical uses of the drug. Ibogaine is an alkaloid obtained from 
root bark of Tabernanthe iboga in the French Congo, where it 
enjoys a certain popularity among natives. Both the harmala 
alkaloids, as well as ibogaine, contain the indole nucleus, though 
the structure of the latter agent is somewhat more complex 
(Fig. 4). 
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harmine ibogaine 
Ficure 4. Chemical structures of two indolic derivatives. 


Harmine and ibogaine are active orally, though fairly large 
doses are required. Further, unpleasant side-effects are promi- 
nent. Harmine may be given intravenously, doses of 2 to 3 
mg/kg, being employed. Approximately twice the dose must be 
given orally for similar effects. 


PIPERIDYL BENZILATE ESTERS 


Belladonna alkaloids have been known for centuries to pro- 
duce hallucinations, atropine and hyoscine having been used 
by ancient Hindus for these purposes. The weed, Datura stra- 
monium, is often taken unwittingly and produces a characteris- 
tic type of poisoning with delirium. The first recorded epidemic 
of this type occurred in the new colony of Jamestown, Virginia, 
the weed originally being known as the Jamestown weed, later 
corrupted to Jimson weed. 

The great interest in the past two decades in the chemical 
synthesis of anticholinergic drugs has led to the development 
of several extremely potent central anticholinergic drugs (Fig. 5). 
One of these, JB-329, exists in two isomeric forms simultaneously, 
about 30 per cent being in the piperidyl form, and 70 per cent 
.. in the pyrrolidylmethyl form. A similar compound, JB-318, is 
~: made by substituting a phenyl group for the cyclopentyl con- 
-« figuration in the piperidyl isomer of JB-329. Even the com- 
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Figure 5, Structural relationships of three piperidyl benzilate esters. 


paratively minor alteration of structure by substituting a hydro- 
gen for a hydroxyl group changes the activity. Piperidolate is a 
clinically useful anticholinergic drug whose effects are mostly 
peripheral rather than central. 

The ]B group of psychotomimetics have clinical effects re- 
sembling the belladonna alkaloids, and, like the latter, are potent 
when taken orally. With large doses the effects may be quite 
prolonged, lasting for several days. Active doses range between 


0.1 to 0.4 mg/kg. 


PHENCYCLIDINE 


_ This synthetic drug, which resulted from a search for an 
_ efficient intravenous anesthetic, is somewhat related chemically 
. to meperidine, a known analgesic (Fig. 6). Although it has some 
_,, analgesic and anesthetic properties, the attendant mental dis- 
“~._ turbances which the drug produces quickly limited its usefulness 

y. . do this area. On the other hand, the drug has been of some in- 
~. .~ terest as a psychotomimetic, largely because its clinical syn- 

| drome is somewhat different from other such drugs. Because 
_ Of its known interference with proprioceptive stimuli, the state 


from sensory 


“produced by the drug bas been likened to that 
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Ficure 6. Chemical structures of various other types of drugs with psycho- 
tomimetic properties. 


The preferred way to administer the drug is by rapid intra- 
venous injection (over a 5-minute period) of a dose of 0.075 to 
0.1 mg/kg; even larger doses have been used for anesthesia, 
usually 0.25 mg/kg. When given orally, the effects of the drug 
are unpredictable. A related chemical, cyclohexamine, has many 
of the same properties as phencyclidine. 


MISCELLANEOUS PSYCHOTOMIMETICS 


Although not commonly thought of as a psychotomimetic 
drug, Cannabis sativa (marihuana) qualifies. As i 
taken in the form of a cigarette composed of parts of the plant, 
effects of the drug are mildly stimulating and euphoriant. When 
.. Substantial doses are taken by eating the resin from the plant, 
“the resultant clinical syndrome has many aspects in common 

_ with LSD, including a span of action of several hours. 
“Cannabis is one of the oldest mind-altering drugs known, 
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and is still one of the most widely used. The Indian hemp plant 
is easily cultivated. The resin can be made into confections or 
put into drinks, as well as being eaten directly or smoked. The 
active material, tetrahydrocannabinol, is an oil with a high boiling 
point. It is of interest also in being one of the few nonnitrogenous 
psychotomimetics (see Fig. 6). Many derivatives of tetrahydro- 
cannabinol are pharmacologically active in varying degrees, 

While cannabis has been used therapeutically in the past 
for many ailments (being last listed in the Tenth United States 
Pharmacopoeia), it no longer has any clinical use and prepara- 
tions are no longer available. It is regulated under the laws which 
govern the dispensing of narcotics. Such preparations as have 
been available were not easily assayed, so the actual dose of 
the active material is uncertain. In any case, it doesn’t matter 
much, as the drug seems to be safe over a wide range of doses. 

A Polynesian drink, kava, is made by extracting the root of 
a shrub, Piper methysticum. Its primary effects are those of a 
stimulant or euphoriant, though it is said to be psychotomimetic. 
A number of materials have been isolated from it which have 
pharmacological effects, including kawain. This structure is 
also unusual in not having a nitrogen atom (see Fig, 6). 

Dimethylacetamide is a most interesting new psychotomi- 
metic drug, being a remarkably simple chemical structure (Fig. 
6). It is also unusual in being a psychotomimetic which pro- 
duces effects only after repeated doses, a critical level of 400 
mg/kg/day having to be given for three or more days. Depression 
and lethargy are the first signs to be manifest, usually by the 
second or third day. Frank hallucinations, perceptual distortions 
and delusions appear on the fourth to fifth day. Little is known 
of its pharmacological effects or the mode by which it produces 
this peculiarly delayed psychotomimetic action. 


SUMMARY 


wo Although many drugs may cause adverse psychiatric reac- 
“tions, an arbitrary definition of psychotomimetic drugs would 
~ + include: predominant changes in thought, mood and percep- 

_ tion in comparison to intellectual impairment; absence of stupor, 


—s 


ne 
eat 
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narcosis or stimulation; minimal autonomic side-effects; and 
minimal addictive potential. Seven classes of drugs qualify, 
according to such criteria: (a) lysergic acid derivatives; (b) 
phenethylamine derivatives; (c) indolealkylamines; (d) other 
indolic derivatives; (e) piperidyl benzilate esters; (f) phenyl- 
cyclohexyl compounds; and (g) a miscellaneous group of natural 
and synthetic compounds. 

Structure-activity relationships are quite important in the 
case of lysergic acid derivatives, minor alterations in structure 
or different isomers markedly altering activity. A large number 
of phenylethylamines have psychotropic and sympathomimetic 
activity, including a number of newer amphetamine analogues. 
Even here, structural changes may have profound effects; 3-4 
dimethoxyphenylethylamine, closely related to mescaline, is in- 
active. Structural specificity plays a role among the indolealkyla- 
mines; 5 hydroxydimethyltryptamine is a highly active mate- 
rial, while the 6-hydroxy analog is inactive. These three classes 
of drugs have been most extensively studied by modern phar- 
macological techniques. The piperidyl benzilate esters and the 
phencyclidine derivatives produce different clinical effects. The 
remaining drugs, largely derived from natural sources and em- 
pirically discovered, have had little modern study. — 


Chapter II 


CLINICAL SYNDROMES 
OF THE CHEMICAL PSYCHOSES 


Discacttectins or chemical psychoses vary considerably, de- 
pending on the use of voluntcer subjects or psychiatric patients, 
types and doses of drugs, setting of the clinical experiment and 
expectations of the subjects or experimenters. The last point 
is particularly important. We have found that, judged by ob- 
jective tests of waking suggestibility, LSD and mescaline in 
moderate doses are as potent as hypnotic induction itself in in- 
creasing the suggestibility of subjects. In a sense these drugs 
provide an experimental situation in which the results can be 
almost foreordained. Even if this were not the case, one is faced 
with a verbal barrier which makes trying to describe a drug 
experience as elusive as trying to describe the fragments of a 
dream. 

Despite the difficulties in description, almost everyone who 
has ever taken one of these drugs, regardless of the situation 
in which it was taken, has attempted to record some aspect of 
his experience. Anecdotal accounts such as these are abundant, 
but unfortunately they often tell us more about the person who 
has taken the drug than about the drug’s effects. Two funda- 
mental errors are almost inevitable in these anecdotal approaches. 
The first is that the account as actually given is usually inac- 
curate; many lines of evidence suggest that during the drug 
experience expressive abilities are diminished, that judgment 
is impaired and that the phenomenon of selective recall operates 
more than in other aspects of human experience. The second 
error is that each individuals’ experience is construed by him 
to be prototypical of the entire range of experience for the 
particular drug. The common assertion that, in order to study 
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these drugs properly, the investigator must first take them, 
creates a bias in his subsequent observations: He tends to see 
his own experience in everyone else’s. 

Considering the many sources of variation, it is now clear 
that, given equivalent doses, three of the commonly used psycho- 
tomimetic drugs produce rather basically similar clinical syn- 
dromes, despite their differences in chemical structures. On the 
other hand there are marked differences in the effects produced 
by other types of drugs. Thus it would seem worthwhile to re- 
view in some detail the reported clinical syndromes from each 
of the major types of psychotomimetic drugs. 


LYSERGIC ACID DIETHYLAMIDE (LSD) 


As mentioned earlier (see Chapter 1), the discovery of the 
powerful chemical psychosis produced by LSD was completely 
fortuitous. However, Dr. Albert Hofmann did not wait long 
before testing directly his hypothesis that the material which 
caused his mental aberrations on April 16, 1943, was LSD. Here 
is an account of the next experiment: 


April 19, 1943: Preparation of an 0.5 per cent aqueous solution 
of d-lysergic acid diethylamide tartrate. 4:20 PM—0.5 cc (0.25 mg 
LSD) ingested orally. The solution is tasteless. 4:50 PM—no trace 
of any effect. 5:00 PM-—slight giddiness, restlessness, difficulty in 
concentration, visual disturbances, laughing. . . . 

At this point the laboratory protocal ends. The last words are 
hardly legible and were written down only with greatest difficulty. 
It was now obvious that LSD was responsible for the earlier intoxi- 
cation. This time, however, the symptoms were much stronger than 
during the first involuntary experiment. I requested my laboratory 
technician to accompany me to my home. I noticed with dismay that 
my environment was undergoing progressive change. Everything 
seemed strange and I had the greatest difficulty in expressing myself. 
My visual fields wavered and everything appeared deformed as in a 
faulty mirror. 

I was overcome by a fear that I was going crazy, the worst part 
of it being that I was clearly aware of my condition. The mind and 
power of observation were apparently unimpaired. A physician was 
called and until he came, I drank from 2% to 3 qt. of milk. At the 

height of the experience, the following symptoms were most marked: 

1. Visual disturbances, everything appearing in impossible colors, 
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objects out of proportion. At times the floor seemed to bend and 
the walls to undulate; sometimes the entire room began to tum, 
objects close to me seemed far away and distant objects seemed to 
come close to me. The faces of the persons present changed into 


colorful grimaces. 
2. Marked motor restlessness alternating with paralysis. 


3. Suffocating sensation, dry and constricted throat. 
4. Occasionally I felt as if I were outside my body. My “ego” 
seemed suspended somewhere in space whereas I saw my body lying 


on the sofa. 
The physician arrived approximately two and one-half hours 


after I took the drug, and reported that my cardiac function was 
normal, pulse good, blood pressure normal and respiration deep and 
regular. In the course of the evening the symptoms subsided gradu- 
ally and then disappeared with the visual disturbances persistent 
longest. It was particularly striking how acoustic perceptions such as 
the noise of a passing auto, the noise of water gushing from a faucet 
or the spoken word, were transformed into optical illusions. Towards 
1:00 AM, I went to sleep and awakened next morning feeling per- 


fectly well.**° 


What Hofmann so adequately described as the clinical syn- 
drome from the first recorded experiment with LSD has scarcely 
been improved upon since. Three characteristic types of symp- 
toms were reported: somatic, perceptual and psychic. To vary- 
ing degrees other experimenters have found more or less of 
those symptoms reported above, or amplifications of the symp- 
tom pattern. In repeated laboratory experiments, our patients 
have reported a basic clinical syndrome which might be described 
as this: _ 

1. Somatic symptoms—dizziness, weakness, tremors, nausea, 
drowsiness, paresthesias and blurred vision. 

-2. Perceptual symptoms—altered shapes and colors, diffi- 

uid véalty in focusing on ees, a sharpened sense of nears and, 

ae rarely, | 

“la + Be Psychic. symptoms—alterations in mood (happy, sad or 

soar irritable at varying times), tension, distorted time sense, diffi- 
_, Culty in expressing. thoughts, eee esliaee, dreamlike feel- 

ings and visual hallucinations. © 

_ Physiological effects are relatively few. Dilated pupils, hyper- 

ia, increased muscle tension, incoordination and ataxia are 
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common physical signs. Effects on pulse rate, respiration and 
blood pressure are so variable that they probably represent 
varying levels of anxicty of subjects rather than true physiologic 
effects. Changes in appetite and salivation are inconstant, being 
increased in some subjects, decreased in others. 

The clinical syndrome tends to follow a sequential pattern 
with somatic symptoms presenting first, perceptual and mood 
changes next, and finally psychic changes, although there is 
considerable overlap between these phases. Between the ranges 
of 1 pg/kg to 16 pg/kg the severity of psychophysiological ef- 
fects of LSD in a given subject is proportional to the dose.™ 
Specific types of reaction, such as paranoid ideation, are more 
likely a matter of personal predisposition than a function of dose. 


TABLE II 
QUESTIONNAIRE DATA MOST FREQUENTLY ANSWERED 
POSITIVELY IN TWO STUDIES OF LSD-25 
Linton-Langs Hollister 
Somatic 100 peg 1 ug/kg 
Dizziness 
Weakness, difficulty moving 
Hot or cold feelings 
Nausea 
Numbness, paresthesias 
Body lighter or heavier 
Shaking of body 
Drowsiness 
Appetite decreased 
Ill feeling 
Dry mouth 
Perceptual 
tered shapes, colors 
Blurred vision 
Visual contrasts clearer 
Hearing more acute 
Body looked strange 
Psychic 
Altered mood, aging silly 
Distorted, slowed subjective time 
Difficulty expressing thoughts 
Depersonalization 
Dreamlike state 
Loss of control of thoughts, feelings 
Difficulty in concentration 
Poor memory and retention 
Impaired judgment 
Rapid or recurrent thoughts 
Visual hallucinations x 
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Two recent studies have used questionnaire data to obtain 
some description of the clinical effects of LSD. One study 
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used a single dose of 100 ng of LSD; the other, doses of 1 yg/kg. 
The most frequently reported symptoms and signs are shown 
in Table II. In general, there was good agreement between the 
two studies, considering that the experimental settings were 
different, the subjects were chosen differently, and the ques- 
tionnaires were constructed and administered differently. Per- 
haps of most interest are some of the symptoms not often re- 
ported: synesthesias, paranoid ideas, sexual feelings, hallucina- 
tions other than visual and any type of disorientation. The peak 
of symptoms in both studies occurred between three and five 
hours after the drug was given. 

Other investigators have emphasized the same general symp- 
toms, but, in addition, have mentioned a feeling on the part of 
subjects of loss of control in a number of areas with resultant 
fright or anger because of this loss. Loss of control involved 
intellect, emotions and bodily functions almost equally. It should 
be emphasized that the profile of reaction may differ consider- 
ably between different subjects. One type of reaction, character- 
ized by apathy, psychomotor retardation and “ego constriction” 
has been found in some subjects; others showed euphoria, in- 
creased psychomotor activity and intensified self-awareness, a 
pattern dubbed “ego-expansiveness’; a third type of reaction, 
characterized largely by perceptual changes, was considered to 
represent no ego change.” Quite possibly these differences in 
reactions between subjects represent personality differences 
rather than drug differences. At least it is commonly believed 
that the type of reaction one obtains from a drug is conditioned 
by one’s previous personality. 

A peculiar phenomenon observed in our studies was one of 
selective recall, When patients were asked to rate their feelings 
_. during the study, most reported changes which might be re- 

garded as unfavorable; that is, they became less friendly, ener- 
getic or clear-thinking and more aggressive, jittery and de- 
pressed. Yet when asked to choose adjectives which best de- 
scribed the total experience several hours after it was com- 
_ pleted, most often commendatory adjectives were chosen: il- 
_: luminating, pleasurable, beneficial, satisfying and_ relaxing. 
' - Frankly psychotic symptoms such as misperceptions, auditory 
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hallucinations, and somatic or paranoid delusions were least often 
reported. 

A number of clinical comparisons have been made between 
LSD and closely related lysergic acid derivatives. One com- 
parison between 2,3-dihydrolysergic acid diethylamide and LSD 
revealed that the former compound induced LSD-like autonomic 
and mental changes in man, but was less potent and: slower in 
onset than LSD." As the analogue has only 1/25 the pyretogenic 
action of LSD in rabbits, it was postulated that the latter test 
might correlate reasonably well with clinical potency in psycho- 
tomimetic actions, Acetylation or methylation of the LSD mole- 
cule on the pyrrole nitrogen produces two analogues, 1-acetyl 
lysergic acid diethylamide and 1-methyl lysergic acid diethyla- 
mide. These three compounds were tested in both patients and 
normal subjects.”° About 1.5 to 2.0 times as much of the 
analogous drugs was required to produce essentially the same 
clinical reactions with the analogues as with LSD. Replacement 
of the diethylamine side chain of LSD with a morpholine group 
results in a compound which has pharmacological and clinical 
effects generally similar to those of LSD; potency was probably 
somewhat less.1*° 

In view of the extensive use of seeds of Rivea corymbosa 
(ololiuqui) by Mexican Indians, it is of some surprise that at- 
tempts to study the effects clinically have revealed little psycho- 
tomimetic action. Eight volunteer subjects who received up to 
125 seeds failed to obtain any subjective effects.” Such a failure 
might be ascribed to a lack of potency in the seeds. Subse- 
quently, six subjects were fed either 5 mg of a crude extract of 
the seeds of ololiuqui or a mixture of the synthetic alkaloids 
present (d-lysergic acid amide, d-isolysergic acid amide and 
chanoclavine ). Drowsiness and only few other subjective effects 
were produced, in contrast to the effects of LSD given the same 
subjects. 

In summary, it appears that alterations in the basic structure 
of LSD may or may not materially change the quality of the 
clinical effects, but generally tend to reduce potency. LSD is still 
_ the most potent compound in the series, as well as one of the 

most potent known to man. 
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A retrospective comparison between the LSD experience ang 
of delirium tremens has been made in seventy subjects 
have taken the drug and twenty patients who have ey. 
ced delirium tremens.*’ Delirium tremens were predomi- 
characterized by hallucinations which seemed real, anxi- 
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LSD experience, in contrast, was typified by euphoria, humor, 
relaxation and a nebulous sense of wonderment. Both groups re- 
ported perceptual distortions, visual images, a sensation of in- 
creased mental alertness, distorted affect and the sensation of 
having an increased rate of thought. Thus it is clear that delirium 
tremens is essentially an unpleasant experience as contrasted to 
that of LSD. Whether this is due to the fact that the one ex- 
perience is unexpected while the other is not is an open question; 
after all Hofmann was frightened even when he had a good 
hunch as to what was happening. Nonetheless, the piperidyl 
benzilate esters undoubtedly represent a better model for the 
delirium tremens reaction than does LSD. 


MESCALINE 


The attribution of magical properties to mescaline is not lim- 
ited to those devoted to peyotism. Havelock Ellis called it “a 
new artificial paradise,” and, more recently, Aldous Huxley saw 
it as cleansing the “doors to perception.” During the period 
between the isolation of the active material in the 1890s and the 
availability of LSD in the late 1940s, mescaline was the principal 

chotomimetic drug being studied. Lately it has languished in 
_ the shadow of LSD. 

Actually, except for the fact that the effective dose of mesca- 
line is a couple of orders of magnitude more than for LSD, 
there is really little to choose between the two drugs insofar as 
the clinical effects are concerned. Just as with LSD, there are 
prominent somatic symptoms, perceptual alterations and psychic 
effects. Physiological effects are largely manifested by mydriasis, 

_ increased deep tendon reflexes, some degree of ataxia and in- 


hs 4 coordination, and little, if any, circulatory effects, Nausea and 
. vomiting with mescaline has been somewhat more common in 


our studies than with the other drugs, but one always has un- 
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certainties regarding the equivalence of the doses, Despite the 
fact that nausea and vomiling have been known to occur fre- 
quently with these drugs, it is often difficult for subjects to ac- 
cept such simple explanations of the symptom; several of our 
psychologically minded subjects have attributed their nausea to 
role rejection, These kinds of extrapolations from the basic ob- 
servations account in part for the diversity of clinical descrip- 
tions, but, as mentioned earlier, a common basic syndrome is 
produced by these drugs in almost every circumstance and in 
most subjects. 

A number of mescaline analogues with psychotomimetic ac- 
tivity have been tested. The amphetamine analogue, trimethoxy- 
amphetamine, produces euphoria and a loosening of emotional 
restraint in doses of 0.8 to 1.2 mg/kg. Doses about twice as 
large evoke visual hallucinations; other symptoms reported are 
nausea, headache, giddiness, incoordination and increased deep 
tendon reflexes. Doses on the order of 2.8 to 3.5 mg/kg evoke 
tremors, paresthesias, amplificd and distorted colors, textures, 
forms and spatial relationships, increased auditory acuity and 
occasional synesthesias.*'* Psychic effects from large doses seem 
to be somewhat antisocial, with anger and hostility accompany- 
ing euphoria and impaired intellectual functions. The span of 
action is similar to that of mescaline, lasting about seven hours; 
the peak of urinary excretion of the drug occurs between two 
and five hours after a dose, with 20 to 35 per cent being excreted 
unchanged. 

So far as side-chain modifications are concerned, only 2- 
and 3-carbon side chains seem to possess activity. Alpha-ethyl 
mescaline, with a 4-carbon side chain, is inactive at doses of 
2.5 mg/kg. The methoxy substituents on the ring may also be 
critical. We have studied 3,4-dimethoxyphenylethylamine, which 
differs from mescaline only in lacking the 5-methoxy group, 
and have found it inactive orally when given in doses of more 
than 12 mg/kg. Apparently this substance is very vulnerable to 
the action of monoamine oxidases and is excreted virtually com- 
pletely changed to the acetic acid derivative." Substitution of 
a methylenedioxy group for the two methoxy groups at the 4,5- 
positions of the ring preserves psychotomimetic activity. Doses 
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as small as 1 mg/kg produce an intoxication, with doses of 3.9 
mg/kg producing a prolonged psychotomimetic effect.?* There. 
fore, it appears necessary that all three positions, 3,4 and 5, must 
be substituted to preserve some degree of activity. 


PSILOCYBIN 


As mentioned earlier, psilocybin has been identified as the 
active material of the “magic mushroom” used in religious 
ceremonies by southern Mexican Indians. Most persons who 
have obtained the mushrooms directly from the Indians have 
been somewhat disappointed with their clinical effects. Quite 
possibly the Indians do not wish to provide really active mate- 
rials, or, as is so likely with natural materials, the variability 
between plants or deterioration over time may be exceedingly 
high. With the chemical indentification and synthesis of the 
active material, it has become possible in recent years to do 
somewhat quantitative clinical studies. 

At low doses of 5 to 10 mg of psilocybin, effects are generally 
mild.” Some alterations in mood, either euphoria or dysphoria, 
were produced. Concentration and attention are disturbed so 
that psychological functioning is impaired. Nausea, dizziness, 
weakness and sensitivity to light are somatic symptoms of conse- 
quence. 

A fairly characteristic clinical syndrome was produced by 
effective doses of psilocybin.’** Although subjects varied in re- 
sponses, a dose of 115 to 160 yg/kg orally ordinarily sufficed to 
elicit an appreciable effect. Both the frequency and the intensity 
_ of clinical effects increased with the dose. The threshold dose 
orally was about 60 pg/kg, from which minimal but definite 
changes were produced, Comparisons of potency between oral 

and parenteral doses were difficult, the latter appearing to be 


«50 to 100 per cent more potent at the same dose in the same 


3.» The pattern of the syndrome i in normal subjects at these dose 
“evel was as follows: = 


cos First 30 minutes , 
Dizciets, igeadees or "edness; 
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Weakness, muscle aching and twitching, shivering; 

Nausea, abdominal discomfort; 

Anxiety, tension, restlessness; 

Numbness of the tongue, lips or mouth; 

Heaviness or lightness of the extremities; 

30 to 60 minutes— 

Blurred vision, brighter colors, longer afterimages, sharp 
definition of objects, visual patterns (eyes closed); 

Increased acuity of hearing; 

Yawning, tearing, facial flushing, sweating; 

Dreamy state, loss of attention and concentration, slow think- 
ing, feelings of unreality, depersonalization; 

Incoordination, difficult and tremulous speech; 

60 to 90 minutes— 

Increased visual effects (colored patterns and shapes, gen- 
erally pleasing, sometimes frightening, most often with 
eyes closed, occasionally superimposed upon objects in 
field of vision); 

Undulation or wavelike motion of viewed surfaces; 

Distance perception impaired; 

Euphoria, general stimulation, ruminative state; 

Slowed passage of time; 

90 to 120 minutes— 

Continuation of many of the above effects in varying de- 
grees, especially introspective state; 

Increased bodily sensations and mental perceptions; 

120 to 180 minutes— 

Waning of previously described effects; 

180 to 300 minutes— 

Nearly complete resolution of drug-induced effects. 


Effects of parenteral psilocybin were similar. Clinical effects 
began within five minutes following parenteral doses, as con- 
trasted with twenty to thirty minutes after oral administration. 
The same doses elicited a more intense and prolonged syndrome 
when given subcutaneously. These subjects complained more 

_ Often of difficulty in thinking, uncontrollable laughter, pares- 
__thesias and difficulty in breathing. Other effects reported by 
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subjects from both forms of drug administration, though not ag 
frequently as those noted above, were decreased salivation, de. 
creased appetite, transient sexual feelings and synesthesias. 

Psychotic symptoms were infrequent. None of the subjects 
experienced paranoid delusions or hallucinations of smell, taste 
or feeling. A few described auditory hallucinations, these being 
either misinterpretations of meanings of environmental sounds 
or of actually hearing fantasied conversations. Neither type of 
auditory experience contained accusatory material. Occasional 
subjects reported changes in the body image, the extremities 
appearing larger than normal. These changes were concurrent 
with other visual effects. Only rarely did subjects have difficulty 
in maintaining temporal or spatial orientation, these symptoms 
being brief and transient. 

A frequently reported psychologic effect of the drug was 
an unusual ability to perceive the feelings and motivations of 
people in the environment, as well as the subject’s own reactions. 
Attempts to define more precisely what was experienced proved 
to be extraordinarily difficult, consisting mainly of speculative 
observations or tales of elusive insights. At times subjects re- 
ported great empathy (“I feel that I could get inside another 
person’s skin, experience all that he does”), while other observa- 
tions were sometimes banal (“I noted for the first time that the 
laboratory technician drawing my blood was a woman”). The 
visual beauty of the colored images, especially when augmented 
by the stroboscopic light during the electroencephalogram, 
seemed to be a mystical experience to some. 

_ Few aftereffects were reported. Occasionally patients had 

___ hheadache or fatigue likened to a mild hangover. Some reported 

_ @ continued contemplative or philosophic state with unusual 

_., Serenity. None had difficulty functioning, many resuming their 

_ usual activities (including driving a car) as soon as five hours 
_. after taking psilocybin. — 

“. Changes in blood pressure or pulse rate were minimal. No 

~ decreases in blood pressure were noted, and in no instance did 

«the blood pressure either rise or fall beyond physiologic levels 

unless it had been abnormal on the control measure. Pulse rate 

" wag not changed appreciably in either direction, remaining 


Clinical Syndromes of the Chemical Psychoses 43 


within physiologic limits or close to the control values in all 
drug trials. Dilatation of the pupils was almost constantly en- 
countered after effective doses. Average dilatation over a two- 
hour period was 3 mm. When dilatation was extreme, the 
pupillary reaction to light was often sluggish with hippus. Deep 
tendon reflexes were increased, often becoming clonic in char- 
acter. Incoordination was more subjective than objective, as 
coordination tests were seldom impaired enough to be clinically 
detectable. A few patients were sloppy in performing the 
finger-nose or heel-knee tests, and swayed slightly on the Rom- 
berg test. 

Higher doses (median dose of 30 mg) evoke a more inten- 
sive syndrome, with organized visual hallucinations, distortion 
of body image, marked mood changes of variable types and 
severe intellectual impairment.” Despite larger doses, duration 
of action of the drug is not prolonged, with some subjects 
symptom-free in five to six hours. Headache, drowsiness and 
mood changes were postdrug effects commonly observed. In 
general, effects from adequate doses of psilocybin strongly re- 
semble those from LSD or mescaline (see previous section on 
LSD). 

A psilocybin analogue with psychoactivity is alpha-methyl- - 

tamine, the indole analogue of amphetamine. A systematic 
study of this drug, psilocybin and the piperidyl benzilate ester, 
]B-329 (Ditran), revealed some notable differences between the 
three. Alpha-methyltryptamine in doses of 384 to 810 pg/kg 
showed a slower onset of action than psilocybin but more pro- 
longed effects, sometimes lasting over a sixteen- to eighteen-hour 
period. Direct stimulation was greater than with psilocybin, 
early symptoms of jitteriness, restlessness and anxiety being more 
pronounced. The visual effects, not often present, were slight. 
Mental function was little impaired. Somatic symptoms were 
greater in number and degree than with psilocybin, many sub- 
jects complaining of feeling ill for various reasons. With lower 
doses these effects could be moderated without changing the 
general effect of the drug on mood. Except for the somatic 
effects, the drug experience was considered to be pleasant, 
though not as meaningful as with psilocybin (see Table V). 


Chemical Psychoses 


A psilocybin analogue with highly potent psychotomimetic 
effects, N,N-dimethyltryptamine (DMT), when administered in- 
tramuscularly in doses of 1 mg/kg, produces a brief but intense 
LSD-like experience. Mental effects consist of anxiety, halluci- 
nations (usually visual) and perceptual distortions. Pupillary 
dilatation, increased systolic and diastolic blood pressure, and 
increased deep tendon reflexes are common attendant effects, 
Because the material is most active by parenteral injection, the 
onset is rapid, within fifteen to thirty minutes, but brief, sub- 
siding completely in one to two hours. Intravenous injection 
produces an even more precipitous reaction, large doses pro- 
ducing delirium within minutes.*** In many respects the action 
of this drug simulates that of bufotenin, the 5-hydroxy deriva- 
tive. Curiously, placement of the hydroxy group at the 6-position 
on the ring makes for a compound which has been found by 
several investigators to be essentially inactive. 


PIPERIDYL BENZILATE ESTERS 


Farly reports of the clinical effects of the piperidyl benzilate 
esters (JB-318, JB-329) suggested that they were analogous to 
those of LSD. Further studies have indicated that these central 

_ anticholinergics produce a clinical syndrome different from LSD 
and kindred drugs in a number of respects.**?** Peripheral anti- 
cholinergic effects are more prominent among many of the 
somatic effects common to the other drugs. Thought processes 
are much more severely disrupted: disorganization, incoherent 
speech, confusion, disorientation and memory loss are striking 
and comparatively long-lasting. They characteristically wax and 
wane, typical of a true delirium. Tactile, auditory and visual 
hallucinations may occur, the latter being less intense than 
those from comparably disturbing doses of LSD, mescaline or 
psilocybin. Mental states produced by the piperidyl benzilates 
are reminiscent of those from other centrally acting anticholiner- 
gics, such as scopolamine or, more recently, benactyzine. These 
are classical deliria, so there is little wonder that chronic alco- 

_,holics react to JB-329 with a delirium tremens syndrome. The 
© analogy of LSD to delirium tremens is less striking. 
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Replacement of the cyclopentyl group in the molecule by 
a phenyl group, creating a diphenylmethane derivative, con- 
siderably decreases the intensity and duration of the induced 
toxic psychosis. Substitution of H for OH in the benzilic acid 
portion of the molecule nearly abolishes psychotomimetic prop- 
erties and greatly reduces anticholinergic potency. Although sub- 
stitution of a quaternary nitrogen in the piperidyl ring also 
abolishes psychotomimetic properties, the anticholinergic actions 
are little changed. 

Usual doses of the piperidyl benzilates ranges between 5 to 
15 mg. Mental disturbance may be quite prolonged at the upper 
range of dosage, lasting well over twenty-four hours, with mild 


residual confusion even for days. Unlike the LSD-type drugs, 


this experience is perceived by most subjects as frightening and 
distinctly unpleasant. Few subjects claim increased insight; in- 
deed, with larger doses, subjects are unable to remember parts 
of the experience. Psychologic testing of any sort may be com- 
pletely impossible if the delirium becomes severe enough. 

Both schizophrenic and nonschizophrenic subjects react with 
much the same clinical syndrome to comparable doses of Ditran® 
(JB-329). As in the case of other psychotomimetic agents, some 
exacerbation of the usual psychotic picture is produced in the 
psychotic patients. Because psychotic patients are often less 
communicative than normal subjects, and because they start in 
advance with thinking disorders, it is often thought that they 
react less to psychotomimetic drugs than do normals. Making 
allowances for these differences between subjects, there is little 
reason to believe that the clinical syndromes from any psychoto- 
mimetic drug are appreciably different in schizophrenics, except 
for the accentuation of the psychotic material already present. 


PHENCYCLIDINE 
Effects of phencyclidine (Sernyl®) are distinctive and some- 
what different from either of the other two classes of psychoto- 
mimetics." Comparatively minor somatic symptoms are evoked, 
_ associated with some autonomic nervous system effects. Psychic 


on F - effects predominate, being typically a confusional state charac- 
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cates that the altered awarences of body image evoked by 
by a small dose of chlorpro- 
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MISCELLANEOUS DRUGS 


Considering the centuries of use by literally millions of 
people, it is rather amazing that so few modern laboratory or 
clinical pharmacological studies of cannabis (marihuana) have 
been accomplished. As it seems to be readily available to users 
in the streets, it is a pity that it is not more easily available 
to investigators in the laboratory. It is not certain that tetra- 
hydrocannabinol is the sole active principle, nor that it alone 
accounts for the whole clinical picture. Dose-respose data in 
man are completely lacking. Clearly this is an area worthy of 
renewed clinical study, although chemical interest is high.® 

A modern study of harmine found that the threshold dose 
of the material given orally was 300 mg. Higher oral doses, 
around 900 mg, induced nausea, vomiting, tremors, buzzing 
noises, waviness of the envorinment, sinking sensations, a feeling 
of bodily vibration and numbness. Many of these physical and 
perceptual changes are similar to those from LSD. When a 
dose of 150 to 200 mg was administered intravenously over a 
twenty- to thirty-minute period, about half the subjects ex- 
perienced visual hallucinations. On the basis of these data, one 
might conclude that harmine is somewhat like LSD in its 
clinical effects,?% 

A curious psychotomimetic effect has recently been asso- 
ciated with therapeutic use of dimethylacetamide as an anti- 
tumor agent.” The effects appeared only on chronic administra- 
tion of the drug with the critical level being a daily dose of 400 
mg/kg for three days or more. The earliest signs were depression, 
lethargy and, occasionally, confusion and disorientation. After 
four to five days of treatment, striking hallucinations, perceptual 
distortions and, at times, delusions became apparent. Hallucina- 
tions were predominantly visual, although auditory hallucina- 
tions were also described; the hallucinations were extraordinarily 
well formed and vivid. Affective blunting was noteworthy dur- 
ing the period of emotional disorder. With discontinuation of 


the drug, symptoms abated and patients returned to their nor- 


_ mal pretreatment state, although fully aware that they had suf- 
_ _ fered a mental derangement. Neurological examination always 
..» Yemained normal, Electroencephalograms first showed low volt- 


yr 
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age fast activity, such as may be seen after barbiturates, but later 
was followed by the appearance of paroxysmal bursts of high 
voltage slow waves, somewhat analogous to what is seen after 
phenothiazine derivatives. Histopathological examination of a 
brain from a treated patient revealed no alterations of conse- 
quence. As yet, the nature of this reaction is still uncertain. 


COMPARISONS BETWEEN DRUGS 


The clinical effects of LSD are quite comparable to those 
produced by mescaline and psilocybin, despite the differences in 
chemical structure. We have made two systematic comparisons 
of these drugs in the same subjects. In the first, LSD in doses of 
1 pg/kg was compared with 5 mg/kg of mescaline and 150 
ug/kg of psilocybin.1 At a later date we compared the same 
three drugs in somewhat different doses (1.5 pg/kg LSD, 5 
mg/kg mescaline and 225 yg/kg psilocybin) as well as a com- 
bination containing all three drugs in one-third quantities." 


TABLE III 


FREQUENCY OF POSITIVE RESPONSES ON QUESTIONNAIRE 
FROM FOUR TREATMENTS 


Somatic Psychic Perceptual Totals 
LSD 
(1.5 pg/kg) 


Mean 26 43 17 87 
Median 24 42, 13 80 
Range 7-42 11 - 83 0 - 47 28 - 167 
Mee it 
mg/kg) 
Mean 30 34 14 79 
Median 30 33 12 80 
Range 17-56 8 - 78 0-38 26 - 160 
a ora : 
225 ug/kg) 
Mean 21 36 15 73 
Median 18 31 10 70 
Range 6-55 6-73 0-52 14 - 150 
Combination 
(1/3 doses of each) 
Mean 22 37 14. 74 
Median | 2 38 12 73 
Range 7-49 19 - 68 0-41 30 - 143 


Table III shows the frequency of positive answers on the ques- 
tionnaire concerning clinical effects following each of the four 
_ treatments. Both the frequency and type of responses were 
<° similar for each, and were of the kind shown in Table IJ. Table 
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iV shows the scores of six mood factors derived from the self- 
sating Clyde Mood Scale. It is of interest that, in general, un- 
favorable changes were reported; at some point in time, patients 
tended to get less friendly, less energetic, less clear-thinking and 
more aggressive, more jittery and more depressed, Another type 
of questionnaire, the Hoffer-Osmund Diagnostic Test (HOD), 
which purports to distinguish between normals, schizophrenics 
and drug subjects, revealed a clinical response to each of the 
four treatments comparable to that from the other questionnaire. 
Most frequent somatic symptoms were tensions, jitteriness, fa- 
tigue and feeling of vibration. Time sense distortion, increased 
acuity of hearing and touch, movement, pulsation or distortion 
of objects, strange appearance of people, and visions of animals 
and scenes were most often described as perceptual changes. 
Psychic alterations included impaired memory, difficulty in main- 
taining attention, feelings of unreality, audible thoughts inside 
head, déja vu experiences and visions of people when the eyes 


TABLE IV 
MEAN SCORES ON CLYDE MOOD SCALE. FOUR TREATMENTS. 
TWO CONTROL AND THREE POSTDRUG MEASURES 


PreDrug PostDrug 
st 2nd Lhr Shr 6 hr 
LSD Friendly 46.6 45.8 43.9 45.6 47.1 
(N=24) Energetic 48.8 46.8 47,1 46.0 46.7 
Clear-thinking 51.8 49,2 47.4 428° 50.0 
Aggressive 44,7 44.0 44.5 50.0° 48.0 
Jittery 44.5 45.1 49.0° 538° 48.8¢ 
Depressed 42.1 41.7 44.0 48.2° 46.4° 
Mescaline Friendly 47.6 47.1 40.1° 45.3 48.0 
(N=24) Energetic 49.7 48.7 411° 45.5 45.2 
Clear-thinking 53.2 52.9 43.4° 43.7° 48.8 
Aggressive 45.1 45.0 46.8 50,2° 47.9 
Jittery 44.9 45.2 54.0° 52.2° 49,4° 
Depressed 44.3 43.6 49,29 48.4° 46.5 
Psilocybin Friendly 46.9 46.7 44.6 44.7 46.5 
(N=24) Energetic 48.3 48.2 44.4 44.7 46.0 
Clear-thinking 53.9 52.1 44.8° 47.0° 50.1 
Aggressive 43,7 43,6 48.4° 49.8° 45,1 
Jittery 45.9 45.0 51.3° 47,7 44.1 
Depressed 42.8 42.7 46.7° 47.7° 43.3 
Combination Friendly 45.9 45.2 41.9 47.0 47.2 
(N=24) Energetic 48.1 48.0 44.0 46.4 46.2 
Clear-thinking 52.4 51.7 45.3° 43.8° 51.5 
Aggressive 44.5 44.2 48.6° 52.4° 46.5 
ittery 45.2 45.2 508° 49.1 46.0 


Kes epressed 42.9 42.7 46.9° 475° 448 
—B<.05 or Jess, analysis of variance. 
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were closed. Few or no subjects reported somatic delusions, 
auditory hallucinations or paranoid ideation. 

The similarity between the clinical syndromes produced by 
these three different psychotomimetics has been confirmed by 
others, One study employed two dose levels (0.75 and 1.5 uwg/kg 
of LSD, 2.5 and 5 mg/kg of mescaline, and 37.5, 75 and 150 
pg/kg of psilocybin). Reactions produced by the drugs were 
qualitatively similar, although the time course with psilocybin 
seemed to be shorter.*” Another study used 300 mg of mescaline, 
1.5 pg/kg of LSD and 110 pg/kg of psilocybin. Mescaline was 
found to produce somewhat more increases in deep tendon re- 
flexes, and more anxiety, depersonalization and disorder of space 
perception than the other two drugs. LSD was more likely to 
produce coughing spells than either of the other two. Both LSD 
and psilocybin evoked substantially more euphoria. These minor 
differences are somewhat difficult to interpret, but were far 
outweighed by the similarities in responses.’ 

A direct comparison between mescaline and LSD used intra- 
muscular doses of 0.75 and 1.5 wg/kg of LSD and 2.5 and 5.0 
mg/kg of mescaline.*” Both drugs caused dilatation of the pupils, 
increase in body temperature, elevation of pulse rate and in- 
crease in systolic blood pressure, as well as decreasing the 
threshold for elicitation of the knee jerk. Similar abnormal mental 
states characterized by anxiety, difficulty in thinking, alteration 
in mood (generally euphoria), altered sensory perception (par- 
ticularly visual), elementary and true visual hallucinations and 
alterations of body image were reported by the subjects. The 
_ effects of mescaline were slower to appear and lasted somewhat 

longer than did the effects of LSD. In view of the great similarity 
between the clinical syndromes elicited by mescaline and LSD, 
it is logical to suppose that they may share some common mecha- 
nism of action, despite their chemical differences. The develop- 
ment of cross-tolerance to mescaline in patients receiving daily 
doses of LSD, and vice versa, is suggestive evidence, among 
many other lines of inquiry, which suggests that the mechanism 


__ of action of these drugs, as well as psilocybin, is similar. 


__.. LSD, as well as mescaline and psilocybin, have been com- 
pared with taraxein, a protein fraction obtained from the serum 
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of schizophrenic patients.*” The latter is alleged to be a psycho- 
tomimetic substance which evokes symptoms more closely ap- 
proaching those of endogenous schizophrenia. Dysphoria, block- 
ing and thought deprivation were more frequent than with the 
other psychotomimetic drugs; these symptoms were considered 
to be fundamental to schizophrenia. The other psychotomimetic 
drugs commonly produced disorders of sensory perception, es- 
pecially visual distortions, giddiness and euphoria. Only one such 
comparison of this sort has been made, and subsequently it has 
been difficult for other investigators to isolate any psychoactive 
material from schizophrenic serum. 

LSD was compared with epinephrine, dose levels being 2 
yg/kg and 3 wg/kg respectively in thirteen subjects.** Both on a 
self-reporting instrument administered during treatment (Clyde 
Mood Scale) as well as on a retrospective questionnaire, dif- 
ferences between the treatments were apparent. Epinephrine 
resembled LSD only in regard to certain sympathetic effects; 
placebo effects from the drug were sparse. LSD produced some- 
what “unfavorable” responses on the Clyde Mood Scale: in- 
creased aggression, impairment of thinking, sleepiness and dizzi- 
ness. Because epinephrine mimicked the clinical syndrome from 
LSD so poorly, as well as having profound metabolic effects in 
small doses, it was not considered very suitable as a comparison 
agent for controlled studies of the psychotomimetic drug. 

Despite the similarity between LSD, mescaline and psilocy- 
bin, the effects of the piperidyl benzilate esters are appreciably 
different. One direct comparison between doses of 100 pg of 
LSD and 15 mg of JB-318 brought forth the conclusion that LSD 
produced changes in affect and bodyejmage more frequently 
than the other drug, the latter being a more potent hallucino- 
gen."* As measured by various self-reporting scales, the two 
drugs appeared to have much in common. The most characteris- 
tic psychological reaction to JB-318 was self-preoccupation, self- 
imposed stereotypy of behavior and a reduced awareness of the 

environment. On the other hand, the LSD reaction was character- 
ized by an increased intensity of feelings, which, coupled with 
defective emotional control, induced a heightened need for inter- 
action with the environment and observers. These equivocations 


fu 
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ave far from what we have observed. The reaction from the 
piperidyl benzilate drugs is a true delirium, far different from 
the usual state produced by LSD. It could very well be argued 
that a dose of 15 mg of JB-318 may be monumental compared 
to 100 pg or even somewhat more of LSD. Further, there is 
reason to believe that at very high doses of LSD, on the order 
of 600 to 1000 wg, aspects of delirium are more apparent. None- 
theless, the drugs are for the most part qualitatively as well as 


quantitatively different. 


TABLE V 


COMPARISON OF CLINICAL SYNDROMES FROM 
PSILOCYBIN, ALPHA-METHYLTRYPTAMINE AND DITRAN 


Psilocybin 
0-30 min. 
Dizzy, giddy 
Nausea, abdominal dis- 
comfort 
Weakness, muscle aches 
and twitches, 
shivering 


Anxiety, restlessness 


30-60 min, 

Visual effects (blurring, 
se ad colors, sharper 
outlines, longer after- 
images, visual patterns 
with eyes closed ) 

Increased hearing 

Yawning, tearing, 
sweating, facial 
flushin 

Decrease 
and attention, slow 
thinking, feelings of 
unreality, deperson- 
alization, dreamy state 

Incoordination, 
tremulous speech 
pet OF 60-120 min. 

Increased visual] effects 


concentration — 


A-methyltryptamine 
0-30 min. 
Euphoria 
Nausea, heartburn 
Yawning, drowsiness 


30-120 min. 
Nausea, retching 
Dizzy, unsteady 
Euphoria, restlessness, 
jittery 
Yawning, lethargy 
Decreased concentration, 
silly inappropriate 
smiling 


~~ 120-240 min. 
Visual effects (blurring, 


apparent movement of 
oO 


jects, sharper out- 
lines, brighter colors, 
longer after-images, 
. decreased depth per- 
ception ) 


“Drunk,” euphoria, poor 


a ‘coordination 


. »Temars, numbness of 


Ditran (JB-329) 
0-30 min. 

Dizzy, poor coordination 

Nausea, dry throat, 
heartburn 

Loss concentration, 
poor memory 

Blurred vision, decreased 
distance perception 

Difficulty breathing 

30-120 min. 

Brighter colors, sharper 
outlines 

Slurred, blocked 
incoherent speech 

Time sense distorted 

Body image distorted 

Disorientation, confusion, 
memory loss 

Muscle spasms 


120-240 min. 
Confusion, speech disor- 
ders continue 
Apparent motion of ob- 
jects, wavelike motion 
of surfaces 
Decreased appetite 
Tension, tremors, anxiety 
Weakness, lethargy, 
dreamy state 
Coughing 
Mood change (usually 
depression ) 
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120-240 min. 
Waning and nearly 
complete resohition of 
above effects 


4-12 hr. 
Usually normal 


4-12 hr. 
Visnal effects (patterns, 
eyes Closed) 
Muscle aching, shivering 
Decreased appetite 
Weakness, lethargy 
Later effects 
Continued stimulation, 
insomnia, fatigue, 
muscle aching, head- 


412 he. 
Some waning of above 
effects, dose. small; 
otherwise may porsist 


Later offects 
Matiguo, lethargy, mental 
depression, poor 
coordination, dizziness, 


ache, heartburn, 
“hangover” 
Less common effects 
General malaise, 
salivation increased, 
paresthesia, dreamy 
state, mild 
depersonalization 


poor appetite, tremors 


Less common effects 
Depersonalization, 

visual or auditory 

hallucinations 


Later effects 
Headache, fatigue, 
contemplative state 


Less common effects 
Uncontrollable laughter, 

Bie aticilly 

in breathing, decreased 

appetite, transient 

sexual feelings 

The syndrome produced by JB-329 was quite characteristic, 
and quite distinct from that of psilocybin or alpha-methyltrypta- 
mine.’ A comparison is shown in Table V. Onset of action was 
rapid and effects prolonged. With any sizable doses, subjects 
were generally so incapacitated as to require staying in the 
hospital overnight, much mental confusion persisting through 
these hours. The clinical syndrome resembled a toxic delirium 
of the type produced by scopolamine. Mental confusion, dis- 
orientation, memory loss and marked impairment of speech were 
predominant features. A characteristic speech pattern was one 
in which, at midsentence, a new and irrelevant subject would be 
introduced into the conversation. From one moment to the next 
subjects had difficulty in remembering what they were talking 
about or what they had just said. Subjects were somewhat with- 
drawn, tending not to speak unless spoken to, maintaining a 
rather perplexed expression. Ideational apraxia was particularly 
frequent, several subjects attempting to drink from a urinal for 

ecting urine specimens and one attempting to wash his hands 
in a toilet bowl. Marked anxiety was also felt, though seldom 
Mentioned until retrospectively. Mood tended to be depressed, 


| though this was less common or severe than the anxiety-provoking 
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120-240 min, 4-12 hr. 4-12 hr. 

Waning and nearly Visual effects (patterns, Some waning of above 
complete resolution of eyes closed ) effects, dose small; 
above effects Muscle aching, shivering otherwise may persist 

Decreased appetite 

Weakness, lethargy 

4-12 hr. Later effects Later effects 
Usually nonnal Continued stimulation, Fatigue, lethargy, mental 
insomnia, fatigue, depression, poor 
muscle aching, head- coordination, dizziness, 
ache, heartburn, poor appetite, tremors 
“hangover” 
Latcr effects Less common effects Less common effects 

Headache, fatigue, General malaise, Depersonalization, 
contemplative state salivation increased, visual or auditory 

paresthesia, dreamy hallucinations 


state, mild 
depersonalization 

Less common effects 

Uneontrollable laughter, 

paresthesia and 

synesthesia, difficulty 

in breathing, decreased 

appetite, transient 

sexual feelings 


The syndrome produced by JB-329 was quite characteristic, 
and quite distinct from that of psilocybin or alpha-methyltrypta- 
mine.'° A comparison is shown in Table V. Onset of action was 
rapid and effects prolonged. With any sizable doses, subjects 
were generally so incapacitated as to require staying in the 
hospital overnight, much mental confusion persisting through 
these hours. The clinical syndrome resembled a toxic delirium 
of the type produced by scopolamine. Mental confusion, dis- 
orientation, memory loss and marked impairment of speech were 
predominant features. A characteristic speech pattern was one 
in which, at midsentence, a new and irrelevant subject would be 
introduced into the conversation. From one moment to the next 
subjects had difficulty in remembering what they were talking 
about or what they had just said. Subjects were somewhat with- 
drawn, tending not to speak unless spoken to, maintaining a 
rather perplexed expression. Ideational apraxia was particularly 
frequent, several subjects attempting to drink from a urinal for 
“collecting urine specimens and one attempting to wash his hands 
_ ina toilet bowl. Marked anxiety was also felt, though seldom 


ee _ thentioned until retrospectively. Mood tended to be depressed, 


»» though this was less common or severe than the anxiety-provoking 
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effects. On the whole, subjects found JB-329 extremely un- 
pleasant, few considering additional trials of the drug at all 
Most had only fragmentary memory for the experience, none 
describing any positive effects from it. 

When the same subjects were given JB-329 in doses of 0.2 
mg/kg, mescaline, 5 mg/kg, and LSD-25, 5 pg/kg, JB-329 had 
the most powe fal effects. The response to this drug was marked 
and consistent, with many more visual hallucinations than pro- 
duced by the other two drugs. Speech was much more impaired 
than with LSD and mescaline.’ 

Phencyclidine (Sernyl®), 0.1 mg/kg intravenously in 5 per 
cent dextrose, LSD-25, 1 yg/kg orally, and amobarbital, up to 
500 mg intravenously or to the point of slurring of speech, were 
compared in normal and schizophrenic subjects. Phencyclidine 
was the only drug which disturbed the functions measured 
(attention, motor skills, proprioception ) to the extent that they 
were impaired in schizophrenics. Later, similar results were 
obtained with tests of symbolic and sequential thinking.” When 
given in a situation in which sensory input is controlled, phencye- 
lidine had no more effect than placebo, while LSD and psilocy- 
bin had definite psychological effects.” As usual, the results 
with this drug are conflicting; it appears quite certain that the 
clinical syndromes are considerably different from those of the 
others. 

A theory of schizophrenia based on the notion of delayed 
sensory feedback has been proposed by the group which finds 
most similarity between the state produced by Sernyl® and 
schizophrenic reactions. This group concluded that Sernyl® 
results in a schizophrenic-like impairment of primary attention 
and motor functions, whereas LSD stimulates only the sec- 
ondary symptoms of schizophrenia: depersonalization, subjective 
disorganization and hallucinations. Unfortunately, the dichotomy 
of clinical effects between the two drugs is not so clear-cut, nor 
is there certainty about primary and secondary manifestations 
of the various schizophrenic states. To date, no one has demon- 

strated: in schizophrenics the hypothesied disturbances of pro- 
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INTE HACTIONS BETWEEN DAUGS 

Ver carly in ite clinical use, tolerance to the effects of LSD 

wat denonstrated In chronic achizaphrenios treated with the 
drag on a datly baste, tolerance was evident by the second dav 
asl canplete on the hind. A period of four to six days free 
a LSD) waa necessary to redaatate the original reaction. In these 
paticnte wo Crone tolerance could be demonstrated between 
mescaline and PSD) although cross- tolerance was shown between 
LSD) and lynn pric wei ethylamide (LLAK) and brom-lysergic 
acid. Class tolerance fo other lysergic acid derivatives was con- 
firmed by another group, although for maximal effects, d-2- 
brent lyner pic acid iethrylarnicle had ty be adsministered in 
doses of a Tis? daily fey five days preceding thre: trial with 1sD™* 
This sine OUP) wats able to demonstrate cross-tolerance to 
mescaline in patients rendered tolerant of LSD, as well as the 
converse sitiation of resivtance to LSD in patients tolerant of 
mesculine”" A siinilar crons-tolerance between LSD and d-am- 
phetamine could not be demonstrated, despite the chemical 
siularity of d-amphetamine to mescaline.” Following chronic 
adiinistration of LSD, only a mild degree of cross-tolerance 
tu the mental response could be demonstrated with dimethy]- 
tryptamine (0,5 mg/kg) in subjects tolerant to LSD ( 3ug/kg) 
Although chlorpromazine is the drug most often used clini- 
cally when one wishes to reverse the LSD reaction, it is not a 
complete antagonist by any means, When given in doses of 25 
mq thirty minutes prior to LSD, recognition of the threshold 
dowe {8 elevated.“ Phenoxybenzamine, another alpha-adrenergic 
blocker, had a similar effect in 10-mg doses. However, when 
given at the same time or thirty minutes after the dose of LSD, 
chlorpromazine did not block the recognition of the threshold 
dose. Nonetheless, in clinical situations in which the LSD syn- 
drome gets out of hand, either for the patient or the physician, 
chlorpromazine is the sheet anchor of treatment; usually 25 to 
50 mg intramuscular doses are repeated every thirty minutes 
: until the situation {s controlled, Adrenergic blockade effected 
_ by pretreatment with ergotamine prior to administration of LSD 
esulted in intensification and prolongation of psychic symptoms, 
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suggesting that the latter may be independent of central sympa- 
thetic nervous activity.*°° 

Pretreatment with reserpine (0.5 mg daily for 2 weeks) mark. 
edly accentuated the subjective experiences to a 75 wg dose 
of LSD in three normal subjects.*” Reserpine, like ergotamine, 
would have the effect of reducing central sympathetic activity, 
it also would be expected to deplete the central nervous system 
of serotonin and norepinephrine. Pretreatment with isocarbox- 
azide, 30 mg daily for two or five weeks, markedly attenuated 
the subjective experiences from 40 or 75 pg of LSD in four 
normal subjects. 2“ The monoamine oxidase inhibitor would be 
expected to increase CNS levels of serotonin and catecholamines. 
Similar accentuation of behavioral effects of LSD was demon- 
strated in rats pretreated with reserpine, tetrabenazine or 
tranvicypromine; benzquinamide had no effect, while chlorpro- 
mazine attenuated the LSD effect.? Although a number of 
steroids have been reported to suppress the behavioral effects 
of LSD in mice, the effects of pretreatment with progesterone in 
man on the psychomotor and intellectual impairment from LSD 
were only slight.*”° 

Various ideas have been postulated regarding why nicotinic 
acid, glutamic acid or succinic acid should reverse LSD effects, 
but the majority of reports on these substances have been nega- 
tive.* The antagonistic effect of other psychotropic drugs, such 
as azacyclonol or hydroxyzine, is dubious. 

Most drugs reported to antagonize LSD effects have also 
been reported as being antagonistic to those of mescaline. The 
phenothiazine antipsychotics are the only reliable effective an- 
tagonists just as in the case of LSD. A systematic study of the 
antagonistic properties of phenothiazines revealed that known 
antipsychotics, such as chlorpromazine, triflupromazine, pro- 
chlorperazine and thiopropazate, were reasonably good antago- 
nists; that promazine and promethazine, neither very powerful 
antipsychotic drugs, were ineffective; and that diethazine ac- 
centuated the mescaline effect. Diethazine has an aliphatic two- 
carbon amine linkage, but otherwise has the common phenothia- 
zine’ nucleus. It. was hypothesized that the two-carbon amine 

linkage may bear some relevance to mental disorder, but no 
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further evidence has been adduced. Extrapolations regarding 
the therapeutic efficacy of drugs based on their antagonism of 
psychotomimetics is subject to considerable error, as are hypothe- 
ses of mental illness based on interactisns between psychotomi- 
metic drugs and other substances. They are easy to make, but 
hard to prove—or disprove. 

Tolerance to psilocybin can be readily established after 
chronic administration.%” Cross-tolerance with LSD and 1-meth- 
yl-d-lvsergic acid diethylamide has been demonstrated for psilo- 
evbin.* However, the reverse situation, tolerance to psilocybin 
after LSD administration, has not been shown. Two psychoneu- 
rotics treated with LSD in doses up to 200 ug for five to eight 
davs did not show any tolerance for an intramuscular dose of 
6 mg of psilocybin.’* Just as in the case of LSD, pretreatment 
with 100 mg of iproniazid for four days attenuated the reaction 
to dimethyltryptamine.*” Conversely, pretreatment with the pow- 
erful antiserotonin agent, 1-methyl-d-lysergic acid butanolamide 
(UML-491), caused a marked potentiation of the reaction to 
dimethyltryptamine.** Presumably, these interactions between 
MAO inhibitors and antiserotonin agents should hold for psilocy- 
bin as well. 

We have demonstrated tolerance to repeated doses of Ditran 
(JB-329 ).** Pretreatment with LSD, however, did not ameliorate 
the response to another similar drug, JB-336."* Ditran is specific- 
ally antagonized by the powerful anticholinesterase, tetrahydro- 
aminacrin (THA) as well as by yohimbine.™ In the latter case 
it does not appear that the MAO-inhibiting properties of the 
drug are responsible for the antagonism, as other MAO inhibitors, 
such as nialamide, fail to show a similar antagonism. Cholines- 
terase inhibitors such as eserine, neostigmine and diisopropyl- 
fluorophosphate (DFP) do not modify the central effects of 
Ditran in the same way as THA. 


SUMMARY 


as 0 Although many extrinsic factors influence the clinical reac- 
» . tions from psychotomimetic drugs, three of the more commonly 
. Studied agents, LSD, mescaline and psilocybin, evoke roughly 
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similar clinical svndromes when given in equivalent doses, 
Prominent somatic symptoms inchide dizziness, weakness, trem- 
ors, nausea, drowsiness, paresthesias and blurred vision, Altered 
shapes and colors, difficulty in focusing vision, sharpened sense 
of hearing and, rarely, synesthesias are perceptual symptoms of 
importance. Psychic symptoms most commonly observed include 
alterations in mood, tension, distorted time sense, difficulty in 
expression, dreamlike feelings, depersonalization and visual hal- 
lucinations. Dilated pupils, hyperreflexia, increased muscle ten- 
sion, incoordination and ataxia are common physical signs, 
Similar clinical syndromes are produced by a number of chemi- 
cal analogues of each of the three prototype drugs, although 
certain minor structural changes may make an active compound 
completely inactive. 

Piperidyl benzilate esters, of which Ditran? has been the 
most studied, are classical delirium-producing agents comparable 
to scopolamine. With large doses, Symptoms are severe and 
prolonged. Phencyclidine (Sernyl!®) produces an inconstant 
effect which is highly dependent upon the route and rate of 
administration of the drug. Most characteristic is a confusional 
state with few somatic or autonomic symptoms. Some investi- 
gators regard this drug as the one which most closely mimics 
the naturally occurring psychotic state in schizophrenia. 

Tolerance has been demonstrated to develop upon repeated 
doses of LSD, mescaline, psilocybin and Ditran. Cross-tolerance 
has been demonstrated among the three former drugs, which, 
along with their similar clinical syndromes and biochemical 
effects, suggest a common mechanism of action. Chlorpromazine 
and other phenothiazines are partially effective antagonists of 
LSD and mescaline; reserpine aggravates the LSD state. THA 
and yohimbine are antagonistic to Ditran, although the mecha- 


nism of the sotagonism with each drug must be different. 


Chapter 1V 


PSYCHOLOGICAL EFFECTS 
OF PSYCHOTOMIMETIC DRUGS 


|. PSYCHOLOGICAL studies of these drugs abound, both 
in humans and in various animal species, much of what is 
known of their effects on psychological functions is tentative. 
Furthermore, the present body of knowledge does not permit a 
synthesis of any reasonable theory concerning their action. 


STUDIES IN MAN 


Generalizations about the effects of these drugs on psycho- 
logical functions of man are difficult. Doses have been for the 
most part small, necessitated by the actual inability to test 
subjects with any reasonable degree of confidence at high dose * 
levels, Testing under even moderate doses of drugs is compli- 
cated by poor motivation of the subjects, who often view the 
whole procedure with disdain as they search for a royal road 
to insight, Conversely, a small number of subjects may be over- 
enthusiastic. Nonetheless, the range of doses used is sufficiently 
broad to lead at times to contradictory results. A second diffi- 
culty has been the fact that studies have often used mixed 
groups of “normal” volunteers or psychiatric patients, making 
interpretations of results difficult; most cited below have used 
nonpatient subjects. Third, individual experiments are limited in 
the number of tests which can be performed, making a consistent 
eet of testing difficult. Finally, few systematic comparisons 

ve been made across different types of psychotomimetic drugs, 
due to the overpowering recent interest in studying LSD-25. 


Cognitive Functions 
Moderate doses of these drugs impair complex discrimination 
59 
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tasks, but simple tasks are more resistant. Immediate memory 
is impaired whether measured by ability to draw geometric 
figures from memory, remembrance of digits or paired words, 
or many other devices. A dose of 1 wg/kg of LSD-25 markedly 
impairs the ability of subjects to repeat a numerical series 
backwards and forwards.”® Simple problem-solving, such as 
simple additions or serial subtraction, tests of spatial relation 
abilities, attention and concentration, recognition and recall, and 
color-naming and color-reading are also impaired. LSD-25 pro- 
duced more errors and slower reactions in a word-association 
test than was present in control tests; it also abolished the 
differential response to emotionally traumatic and nontraumatic 
stimuli.* Using three tests of part-whole relationships (Heiss- 
Sandler figure, Muller-Lyer Llusion and circles illusion), the 
hypothesis was confirmed that a small dose (75 wg) of LSD 
would cause subjects to operate at a less-mature level.” The 
Porteus maze test, construed as a test of ability to inhibit im- 
pulsive solutions and to execute critical planning, revealed a 
lack of ability to carry out well-planned and adaptive behavior 
in subjects under the drug; results were similar to those obtained 
in patients who had been lobotomized or in psychotic patients 
under treatment with chlorpromazine.” Abstract thinking, as 
measured by the Gorham Proverbs Test, was significantly im- 
paired by 72-ug doses of LSD.” Incorrect abstractions were 
commoner than concrete responses. Cloze analysis, in which 
typescripts of speech with every fifth word deleted were 
completed by thirteen adults treated either with LSD or epine- 
phrine, was used to test the effects of these drugs on under- 
standibility of speech.' LSD impaired understandibility, while 
epinephrine enhanced it, the peak effects for both drugs oc- 
curring about two hours after injection. Much clinical evidence 
suggests that critical judgment is markedly impaired, though 
actual testing has rarely been done. For instance, despite a 
demonstrable decrement in intellectual function, most drug sub- 
jects think their abilities are enhanced. — 

In short, the evidence is overwhelming that any dose of 
psychotomimetic drugs with appreciable clinical effects is quite 
clikely to impair most or all intellectual functions, What is un- 


Psychological Effects of Psychotomimetic Drugs 61 


certain is whether or not this impairment represents some pri- 
mary effect on brain mechanisms for intelligence, or whether 
it simply represents the secondary result of a diminished ability 
to attend, to concentrate and to maintain motivation. The hatter 
possibility seems most reasonable. 


Perceptual Functions 


As visual phenomena are almost constantly experienced with 
psychotomimetic drugs, their study is most relevant. A dose of 
50 to 100 wg of LSD intravenously raised the absolute visual 
threshold, the effect being greater on photopic (central, bright, 
color) than scotopic (peripheral, dim, no color) thresholds.” 
It was felt that these changes occurred independently of mydri- 
asis, inattention or other extraneous factors, and were consistent 
with inhibition of cortical synaptic transmission. Ilowever, some- 
what opposite results were obtained in another study: The in- 
tensity threshold for light was decreased (cone dark adaptation 
inhibited, rod dark adaptation facilitated), and there was a 
decrease in threshold for electrical flicker in the electroretino- 
gram (ERG). Critical flicker fusion threshold was increased.’ 
A later study, which controlled for pupillary changes, found a 
decrease in critical flicker frequency of fusion two hours after 
LSD as compared with a placebo. Such results suggest that 
LSD depresses the threshold of excitability of the retinocortical 
system in a manner similar to conventional depressants.’ Retinal 
function tested by the electroretinogram and dark adaptation 
curve in subjects treated with LSD and JB-318 revealed signifi- 
cant changes in retinal function in those subjects who experi- 
enced hallucinations.” These changes were considered to be 
compatible with a mild toxic or hypoxic effect on the retina. 
None of these studies clarifies the mechanism of the frequently 
reported clinical sign of increased contrast between light and 
dark, nor for the apparent wavering or undulation of viewed 
objects. 

Enhanced color perception and vividly colored visual hal- 
lucinations are frequently reported by persons treated with 
psychotomimetic drugs. These findings are not explained readily 
by neurophysiologic or psychophysiologic studies of the action 
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of these drugs. In this respect the vivid and unusual expericiucs 

of color associated with lysergic acid diethylamide (1,51)-25; sy 
mescaline intoxication seem paradoxical in view of evideisxe of 
increased thresholds for axonal response beyond the thalamic 
synapses and demonstrations of increased alysolute and dyt- 
ferential limens for vision. If anything, these data suggest hut 
the marked visual effects associated with the action of the 
psychotomimetic drugs are not due to increased sensitivity ty 
the normally adequate stimuli for color visual experience. 

A systematic study of the effects on color perception of 151) 
(1 ywg/kg), mescaline (5 mg/kg) and psilocybin (1) pg/kg) 
was undertaken in normal subjects treated with each of the 
three drugs. Color experience was tested by applying stimul) 
involving color perception, stimuli eliciting subjective colors and 
stimuli usually devoid of visual experience.’ 

Almost all measures of color perception were affected. Mur 
discrimination (Farnsworth-Munsell ) was decreased significantly 
by psilocybin, to a slightly lesser extent by the other two drugs. 
Color reports in afterimages were significantly increased by all 
three drugs, but duration of afterimage was increased signifi 
cantly only by psilocybin. Elicitation of subjective colors fros 
flicker (Fechner-Benham) was increased by all three drugs, 
significantly more by mescaline and LSD-25 than by psilocybin. 
The combination of flicker and pure tones evoked more color 
reports than flicker alone. The increase was significant only 
after LSD-25, no significant differences being demonstrated 
between the effects of the three drugs. Visual effects, both colors 
and patterns, elicited by pure tones were significantly increased 
by LSD and mescaline, though these effects were not great at 
the doses used in this study. Special patterns of evoked colors 
varied slightly between the three drugs. 

These results were interpreted as indicating that the visual 
effects of stimuli which evoke typically subjective color phe- 
nomena, and even in some instances of those not usually asso 
ciated with visual phenomena, were enhanced by psychotom|- 
meties. On the other hand, the usual perception of color, a 
judged by hue discrimination, may actually be less accurate. 
«One might hypothesize that psychotomimetics interfere with the 
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normal integration of experience within specific sensory modali- 
tics. 

Perception of size, direction and distance is altered by these 
dmgs. The ability to perceive the size of a rod despite a change 
in distance was tested in subjects under LSD; at each of two 
distances tested the size was overestimated.’* The apparent 
horizon was shifted significantly upward by subjects who had 
received 75-ng doses of LSD, an effect interpreted by the 
authors that the drug was a “primitivizing” agent. Perception 
of verticality was tested both by body tilt and by altering the 
initial position of a rod in both normal and schizophrenic pa- 
tients treated with LSD. Without the drug both types of subjects 
displaced the apparent vertical to a direction opposite the side 
to which their body was titled; after treatment with LSD, this 
displacement was further increased in normal subjects, but not 
in the schizophrenics. Prior to the drug both groups of subjects 
displaced the apparent vertical toward the initial position of a 
rod; after the drug this effect was enhanced in schizophrenics 
but not in the normals, 

Clinical data on tactile sensation are conflicting; sometimes 
increased sensitivity of the skin is reported by subjects; other 
times, the opposite. A general feeling of “numbness” is frequent. 
Doses of 125 wg of LSD caused a significant decrease in two- 
point discrimination as well as a lessened ability to perceive 
warmth.” Thus it would appear that skin sensitivity is reduced, 
provided these differences are not accounted for by decreased 
ability to cooperate on the part of the subjects. 

Time sense is markedly altered by psychotomimetic drugs, 
although clinically some subjects think time passes more slowly 
than usual, while others think the reverse. The same paradox 
has been found experimentally, At doses of 1 to 2 pg/kg of 
LSD, time intervals were overestimated by normal subjects, 
who thought that real time was passing more slowly than usual."* 
On the other hand, another study revealed underestimation of 
intervals of ten and thirty seconds by normal persons under the 
drug; these subjects perceived real time as passing more rapidly. 
Their errors were attributed to reduced attention and enhanced 
indifference, the usual problems of this type of research.” When 
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one-second time intervals were measured, schizophrenic patients 
overestimated these, but not normal subjects treated with LSD. 
The type of time disturbance produced by LSD was not specific: 
In some cases the speed was changed; in others there was loss 
of continuity of time; and in others there was a “fragmentation” 
of time. There was a tendency for the time disorder to be asso- 
ciated with visual perceptual changes and for it to occur in 


nonschizophrenic subjects. '”* 
Psychomotor Functions 


Simple reaction time was significantly prolonged by doses of 
1 »g/kg of LSD as well as by an intravenous dose of phencycli- 
dine.** An opposite effect of these two drugs has been noted 
in the rotary pursuit test; this skill was reported to be increased 
under LSD but decreased under phencyclidine. A dual pursuit 
test, in which two pointers, one horizontal and one vertical, 
must be kept fixed on a moving object, revealed significant im- 
pairment under LSD which cleared after five hours; this would 
be a time when all mental effects of the drug might be waning, 
and the results were interpreted as due mainly to difficulty in 
concentration during the early learning period.*” A dose of 1 
ug/kg of LSD caused a moderate deterioration both in the time 
required as well as the accuracy of a test of mirror-image 


drawing.”* 
Projective Tests 


Rorschach responses of subjects treated with psychotomi- 
metics have been regarded as similar to those of schizophrenics 
by some observers, while appearing to others to be more like 
those from an acute exogenous psychosis. Some consider that 
basic personality factors are simply exaggerated by the drug, 

* responses correlating quite well with the type of clinical reac- 
tion.” Almost every observer has commented upon the increased 
tendency toward concrete thinking which occurs under the 

_ drugs. While this is a characteristic of some schizophrenics, it 
_. jg also evident in organic psychoses as well. A universal finding 
in projective tests is that there is less productivity of responses, 
“_  gansonant with some degree of intellectual impairment.‘ In the 


pe “ee ie ‘ 
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case of one study with the Thematic Appreciation Test (TAT), 
less expression of emotion was evident.’ 
Creativity 
A major question of interest about psychotomimetics is 

whether they can increase “creativity.” Attempts to measure 

this function usually have employed graphic arts, drawings or 

paintings being made by the same artist before and during the 

drug session. One investigator claimed that paintings under 

LSD became “expansive,” consonant with a “paranoid” state, 

while the same subject produced “withdrawn” paintings under 
mescaline, corresponding to a “catatonic” state. Such specific 
effects were not confirmed by other observers, who found similar 
drawings following either LSD or mescaline, each characterized 
by expansiveness and relaxed controls.” One study came to the 
conclusion that the productions of an established artist showed 
a progressive deterioration as the influence of the drug mounted; 
such an evaluation would be agreed upon by most nonprofes- 
sional critics reviewing the frequently published sets of such 
drawings.’ Unlike schizophrenic drawings, the marked tendency 
to stereotypes, emphasis on symbolism or compositional deteriora- 
tion is usually lacking. Some show a regression to an earlier mode 
of expression, a polite way of saying that technique has fal- 
tered. Suffice it to say that, under these drugs, paintings are 
more imaginative and bizarre while showing loss of technique; 
this may be considered good according to contemporary artistic 
standards, Or, perhaps it would be better if the viewer were to 
take the drug before appreciating such paintings. 

Little evidence exists to indicate that a more disciplined form 
of art is improved. For instance, I have not heard of anyone 
_ producing a decent sonnet or sonata while under the drug. On 
the other hand, the whole question of long-term effects on 
artistic expression is simply impossible to measure. A retro- 
spective questionnaire of subjects who had been exposed to 
LSD revealed that several months later the majority felt their 
- appreciation of art or their artistic productivity had increased. 

| Such self- -judgments are completely unverifiable and of ques- 
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Suggestibility 
Although it is often averred on the basis of clinical findings 
that psychotomimetic drugs enhance supgestibility, fow direct 
studies have been made. It is also important to distinguish par- 
ticular tvpes of suggestibility and to determine whether drugs 
actually change the suggestibility of subjects or whether sug- 
gestion influences the expected action of the drugs. A systematic 
study of mescaline, LSD-25, psilocybin and a combination of 
these drugs measured their effects on primary suggestibility.™ 
This is the type of suggestibility believed to be involved in 
hypnotic states; the effects of the drugs were compared in the 
same subjects with actual induction of a hypnotic trance. Mesca- 
line, LSD and the combination of drugs were found to produce 
an average enhancement in primary suggestibility closely com 
parable to that produced by the induction of hypnosis; psilocybin 
was not effective. Unfortunately, the secondary type of sug- 
gestibility, which is related to social conformity, has not yet 
been tested with these drugs, although it is assumed that it, 
too, may be augmented. If this is so, one has a situation in the 
case of psychotomimetic drugs in which their subjective mani- 
festations can be controlled by the expectations of the subject 
or investigator. Thus it is possible that patients (or investigators) 
who expect a “psychotic” reaction from these drugs will have 
just that, while those who anticipate a “mystical” experience 
will have one. Conversely, where expectations are deliberately 
held down, as in an experimental situation, it is possible that 
neither of these aspects of the drug experience will prevail. 


Personality Correlates 


It is commonly believed that, within limits, the type of reac- 
tion experienced from psychotomimetic drugs is dependent upon 
the personality of each individual, an observation which seems 
reasonable, although unproven. A further extrapolation, of less 
merit, is that accentuation of certain personality features by 
these drugs can be exploited as a measure of personality, or 
even as a predicator of emotional instability or stability. Unfor- 
_ tunately, personality variables are interwoven inextricably with 

the basic clinical syndromes from the drugs, which are also 


Psychological Kffecta of Paychotomimetic Druga 67 


dependent upon such variables as dose, setting of trial, prior 
exposure to drug and the expectations from the drag trial, 

Doses of 50 to 200 pg of LSD were said to produce more 
“pathological” responses in a group of ten doubtful schizophren- 
ics than in a normal control group." Normal subjects treated with 
doses of 75 to 100 pg of LSD had significantly lower scores on 
four of six tests sensitive to schizophrenic reactions as compared 
to their scores after placebo.” Although such findings might 
seem to indicate that the druy exacerbates latent: schizophrenic 
symptoms, it is probably not a property unique to this drug, 
and it is possible that other forms of psychological testing might 
be far more sensitive and reliable. The ability to tolerate well 
the effects of the drug can not be certainly construed as positive 
evidence of emotional stability; increased tolerance has been 
frequently noted in psychotics, psychopaths and alcoholics, al- 
though it is not always clearly evident.”” 

As indicated, the personality of subjects may influence 
strongly the type of drug reaction. Seven patterns of response 
to doses of 100 wg of LSD were described among thirty subjects 
tested. Those with high self-esteem, curiosity and creative striv- 
ings were elated by the drug, felt improved in their functioning, 
obtained insights and experienced brilliant visual imagery. Sub- 
jects with low self-esteem, who were passive and dependent, 
experienced loss of contact and control, impaired thinking, and 
feelings of alienation and anxiety. Rigid subjects who were prone 
to depression had definitely unpleasant effects with a fear of 
becoming insane. Those whose experience was dominated by 
physical symptoms and anxiety had withdrawn and somewhat 
hostile personalities. Introvertive subjects experienced strong 
somatic symptoms and body changes with little change in overt 
behavior, Subjects with a high level of independence and coping 
. ability had the least subjective effects and changes in behavior. 
_ Extrovertive subjects behaved similarly under drug, with elation 
_ and increased sociability. Because of the difficulties in obtaining 
_ Accurate data about drug experiences from patients from ques- 
-tlonnaires, the difficulties in so neatly categorizing personality 
- types, and the small numbers of patients involved, these findings 
can only be regarded as highly tentative. 


Chemical Psychoses 
STUDIES IN ANIMALS 


Studies of psychotomimetic drugs in animals are exceedingly 
difficult to relate to human studies. First, most human emotiona| 
disturbances are possibly unique; so far as we know, no anima| 
hears voices. Much of the time, conclusions based on animal 
behavior are purely conjectural. Second, the doses used in animal 
experiments are frequently monumental compared to those used 
in humans, and routes of administration completely different 
(intracerebral, intraventricular or even directly applied to brain). 
Finally, there are many species differences between responses 
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to the same type of testing. 
Behavioral Effects in Various Species 


Cats given acute doses of 34 to 210 wg develop sweating, 

hypersensitivity to light, sound and touch, and signs of irritability 
and fear.“ Doses of 70 to 100 yg/kg evoke motor restlessness 
and apparent visual hallucinations, followed by sleepiness. Be- 
havioral excitement, which resembles that produced by ampheta- 
mine in the same species, is accompanied by alerting patterns 
in the EEG. Mescaline produces changes similar to LSD: excite- 
ment, aggressive and defensive hostility, with reduced content- 
ment and sociability.%* Mescaline has also been noted, in con- 
trast to LSD, to induce violent paroxysms of scratching.” Quite 
different effects result from intraventricular or intracerebral ad- 
ministration. A dose of 5 to 10 yg intraventricularly causes 
sedation similar to that observed from reserpine, chlorpromazine 
and serotonin administered in the same way; mescaline produces 
an almost catatonic stupor.*? Larger intracerebral doses (100 
to 200 yg of LSD) produce sedation with EEG slowing.” Doses 
of 1 mg/kg of mescaline or 50 yg/kg of LSD introduced into the 
lateral ventricle produce similar syndromes: mydriasis, salivation, 
tachypnea, trembling and overt hostility.?”° Intracerebral injection 
of LSD into the region of the ventromedial nucleus of the hypo- 
thalamus makes the animal quiet and unresponsive; reserpine 
fod serotonin had opposite effects, increasing activity.’" In 
fBeneral the drugs are excitants in cats, with many symptoms 
,j' and signs similar to those seen in humans following oral or 
parenteral drugs, — 
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Dogs generally respond to LSD administration with restless- 
ness but no catalepsy. Doses of 200 ng/kg produce ataxia, passive- 
ness, lack of reaction to pain and light, but increased reactivity 
to sound.** Doses of 1 to 10 mg produce excitement, depression 
and later catatonia; animals become tolerant to repeated doses.*° 
Intraventricular injection of 100 «g produces transient excitement 
and slight hyperthermia; the same dose intravenously produces 
only hyperthermia, Intraventricular injection of 5 to 10 pg/kg 
produces ataxia, vomiting, salivation and fright. Doses of 24 to 
140 «g intracerebrally evoke prominent autonomic symptoms 
(salivation, retching, micturition and mydriasis) as well as ataxia 
and fearful behavior.“* Large intravenous doses of LSD (2000 
to 5000 ng) given acutely produce tension, catatonic stupor, 
hallucinatory symptoms, increased pulse rate and respiration and 
hyperpyrexia. Smaller doses (200 to 300 ng) administered daily 
for twelve days produce scarcely any discernible behavioral 
disorders. 

Rats given 2-yg doses of LSD intraperitoneally develop 
hyperactivity and nervousness.*” Similar excitation and sweating 
is seen in normal rats given LSD, while hypophysectomized rats 
show sham rage without sweating.” Pairs of rats given electric 
shocks, which make them become aggressive toward one another, 
remain agressive longer when treated with LSD in doses of 25 
to 100 pg/kg; cocaine, methamphetamine, dextroamphetamine 
and pipradrol are similar. Rats trained to climb a rope show a 
markedly prolonged climbing time as well as apparent mental 
confusion when treated with LSD; these abnormalities are in- 
creased further by pretreatment with reserpine and chlorproma- 
zine.*”” Under these conditions rats become tolerant to repeated 
doses of LSD. Tolerance to the effects of LSD on operant 
conditioned behavior in rats became evident within seven to 
eight days with daily doses at or below 130 yg/kg."" 

Mice given 1 to 10 zg of LSD intracerebrally show aggressive 
behavior, Mescaline in doses of 10 to 50 mg produces aggres- 
sion, paroxysms of scratching and, later, central nervous system 
depression. An intracerebral dose of 10 »g of LSD makes mice 
aggressive and hyperexcitable; other signs are tachypnea, pilo- 
erection, muscle incoordination, sensitivity to sight and sound, 
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musele twitching and stamping of feet. Where aggressive a 
havior has been induced in mice by isolation, LSD at dose, 4 

O65 g/kg intraperitoneally inhibits such attack behavior Within 

five minutes of injection! Even in mice, behavioral effec, 
apparently depend on the pretreatment personality. Mice pr. 
viously sedated with reserpine can be used to demonstrate th, 
analeptic activity of LSD, amphetamine and desoxyephedrine « 
Monkeys given a dose of 15 pg/kg of LSD intravenously 

show slight withdrawal and catatonia; the results are likene 

to those following an injection of taraxein.**° A dose of 1 mg/k 

of LSD or 5 mg/kg of bufotenin causes visual disturbances 
ataxia, marked tameness, but preservation of muscle strength.™ 
Massive doses (1 mg/kg) made Macacca mulatta tame and 
passive, visual and nonvisual placing reactions were lost, grasp 

and sucking reflexes appeared, and the vestibular righting reflex 

was greatly augmented. Salivation and pupillary dilatation were 
pronounced.’*” Monkeys trained to recognize tachistoscopically 
presented stimuli show impaired visual acuity and lengthened 
reaction time after doses of 5 to 10 »g/mg of LSD.” As both 
LSD and bufotenin intoxication may produce blindness in mon- 
keys at certain stages, an electrophysiological study of visual 
tract reactions was done.” Photic stimulation of the retina pro- 
duced little change from the normal optic tract response, but 

markedly decreased postsynaptic geniculate transmission. 

Sporadic experiments have been made with other species. 

The aggressive behavior of Siamese fighting fish (Betta splendens) 
is altered by LSD; it is also modified by a variety of respiratory 
poisons. Goldfish (Carassius auratus) treated with 25 to 50 ug 
intramuscularly show considerably increased activity; serotonin 
given alone had an opposite effect, or, if given after LSD, re- 
duces the hyperkinetic effect of the latter drug.” Guppies 
(Lebistes reticulatus) treated with LSD darken in color (due to 
#melanophore expansion); goldfish float on the surface or swim 
@ backwards; blind cave fish (Anoptichthys hubbsi) swim in small 
f circles.” Responses to LSD observed in three species (Betta 
# = Splendens, Tanichthys albonubes and Lebistes reticulatus) were 
darkening of color, surface swimming, decrease of flight response 
from a probe, decreased spontaneous activity and disturbance 
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of swimming. Pretreatment with DOPA, tryptamine or trypto- 
phan did not reverse these reactions." Snails show a disorganized 
movement of the gastropod for several hours after LSD.‘ Rabbits 
show signs of sympathetic stimulation and excitation; similar 
effects can be produced by administration of reserpine following 
treatment with an inhibitor of monoamine oxidase or by ad- 
ministration of 5-hydroxytryptophan, a serotonin precursor. On 
the other hand, pigeons develop catatonic-like symptoms follow- 


ing LSD. 


Learned Behavior 


The reaction time for a conditioned avoidance response 
(CAR) learned by rats is decreased under LSD.” Mescaline 
has been found to have a biphasic effect on CAR in rats, an 
initial inhibitory phase being followed by an excitatory phase. 
An analogue which has been found in schizophrenic urine, 
3,4-dimethoxyphenylethylamine, has been shown to depress CAR. 
The effect of N,N-dimethylation of mescaline was to abolish 
its inhibitory action and augment its excitatory action.** Doses 
of 10 and 20 yg/kg of LSD intraperitoneally in cats decreased the 
reaction time when the conditioned stimulus alone was presented, 
but increased it when extraneous tonal pips were added.” Thus 
the response time for a simple conditioned avoidance situation 
appears to depend upon the presence or absence of stimuli other 
than those used in the conditioning procedure. The implication 
would be that animals are made more distractible by the drug. 
Operant behavior in rats (food-reward, shock-avoidance) was 
increased with small doses of LSD (50 pg/kg) but impaired by 
larger doses (200, 400 and 800 pg/kg). Thus LSD may have 
either a central-stimulating or central-depressing effect, depend- 
ing on the dose.** 
Rats placed in a self-stimulation situation in which they 
were enabled to select the threshold for rewarding brain stimu- 
lation showed an increased threshold or even abolition of stimu- 


- lation following doses of 10 yg/kg. In this regard LSD resembled 


chlorpromazine, reserpine and serotonin.” Fourteen of sixteen 


: o _. Tats treated with LSD showed complete inhibition of self- 
Pes ; stimulation; somewhat contrary to the results of the above ex- 
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periment, is inhibition could be removed by pretreatment wi, 
serotonin.’ Trained rhesus monkeys treated with 50 to 954 
xg’kg demonstrated an erratic pattern of lever-pressing with, 
periods of high rates. Chlorpromazine and pentobarbital consis. 
tently decreased the rate of self-stimulation, while opposite ef 
fects were obtained with amphetamine and caffeine.”” 

Rats injected with an extract of Cannabis sativa three minutes 
before an alley maze trial showed better performance than con. 
trols. When the same strain of male Wistar rats was injected 
thirty seconds after trials, running time was increased. Five of 
thirty-two rats were so disrupted by the drug as to not run the 
maze at all. 

Monkeys trained to press alternately one of two panels in 
order to be rewarded by small amounts of water (delayed alter- 
nation test) showed reduced frequency and accuracy of pressing 


after 25 ug/kg of LSD." 


Visual Tests 


Visual threshold in pigeons was elevated by LSD. A visual 
discrimination test (pecking an illuminated key but not a dark 
key) was improved by the drug. Cats apparently have visual 
hallucinations when treated with 100-yg doses of LSD."° Both 
LSD and bufotenin administered to cats reduce the postsynaptic 
geniculate response to optic nerve stimulation, suggesting that 
depression of geniculate transmission is the site of the visual 
block.” In rhesus monkeys, doses of 2 to 8 pg/kg of LSD im- 
paired tachistoscopic discrimination of pairs of geometric ob- 
jects. Accuracy was reduced and reaction time prolonged, these 
effects being attributed to an action of LSD on axodendritic 
synapses in the central nervous system.’ 


Psychomotor Functions 


When trained mice were placed in the middle of a vertical 
- pole and doses of 1 to 2 wg/kg of LSD were administered sub- 
cutaneously, the time required to reach the upper end was 
_ prolonged over the untreated state.*° Bufotenin had no effect 
under this situation. Rats trained to climb a 5-ft. pole showed 
_ marked impairment in climbing time after either LSD or bufo- 
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renin. With repeated doses of cach drug the impairment was 
Jost, suggesting tolerance; cross-tolerance between the two drugs 
could also be demonstrated.?”7 

The waltzing activity of a strain of mice with this genetic 
abnormality was inhibited by LSD, due to increased excitation 
along with erratic, jerky movements.” Doses of 1 to 2 pg/kg 
were adequate to inhibit circling movements in the congenital 
mice. However, in mice with a similar abnormality produced by 
administration of imino-b-b-diproprionitrile, doses of more than 
1000 »g/kg intraperitoneally were required for inhibition. 

Web-building of spiders has been used as a test of psychoto- 
mimetic drugs. The web-building drive seems to be diminished 
with LSD, but there is much greater regularity of web structure 
and more exactitude of the angles of the web.* LSD seems to 


produce these effects to a somewhat greater extent than mesca- 
line. 


SUMMARY 


Psychological tests of the action of psychotomimetic drugs 
in man are hampered by many difficulties, mainly the small 
range of doses over which testing can be accomplished. Evidence 
is rather overwhelming that most cognitive functions are im- 
paired with moderate doses of the drugs, although this impair- 
ment may simply reflect an inability to attend or an unwilling- 
ness to cooperate. Results of visual perceptual tests are conflict- 
ing, but most evidence indicates that retinal function is impaired. 
Increased color perception may result from enhanced subjective 
color phenomena. Almost all psychomotor skills are impaired. 
Projective tests show less productivity and a tendency toward 
concrete responses, the former corroborating the intellectual 
impairment detected by other tests. Whether drugs increase 
creativity over the long pull is uncertain; they do not during 
their period of action. Suggestibility, at least of the type related 
_ to hypnosis, is increased; very likely, secondary suggestibility 

would also be enhanced. The use of these drugs as “unmaskers” 
_ Of personality has been disappointing; a wide variety of responses 
_ Seems possible among different personality types. 
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Animal studies are of dubious relevance in this particular 
area of behavioral pharmacology. The behavioral effects vary 
with different species: cats, dogs and rats show evidence of 
excitement; mice become aggressive; monkeys tend to become 
tamer. It is possible that small doses of these drugs may be 
stimulating, while larger doses are depressant. Learned behavior 
may be impaired or abolished with large doses of these drugs; 
with small doses, some evidence of improved performance has 
been noted. Visual impairment is more evident in animals than 
in man following large doses of these drugs; monkeys become 
blind for varying periods of time. Psychomotor tests are im- 
paired, as they are in man. Most animals, like man, become tol- 
erant for the psychological effects after repeated doses of drug. 


Chapter V 


ELECTROENCEPHALOGRAPHIC AND 
NEUROPHYSIOLOGICAL STUDIES 


Ausccues ELECTROENCEPHALOGRAPHIC studies of psychotomi- 
metic drugs are extensive, they have not added greatly to our 
knowledge of the mechanism of action of these agents. EEG 
studies in man have been limited to the sparse data which can be 
obtained from scalp recordings, with rare exceptions. EEG 
studies in animals have made greater use of depth recordings, 
as well as exploring wider ranges of dose; while there is con- 
siderable agreement between human and animal EEG data, its 
interpretation is limited. 


STUDIES IN MAN 


A number of studies have revealed essentially no detectable 
effects on the scalp EEG in human subjects given substantial 
doses of drugs. Negative EEG studies have been reported in 
patients who have been given up to 6 ug/kg of LSD, or doses 
of LSD ranging between 50 and 400 yg, as well as mescaline 
in doses of 500 to 1000 mg. 

Most reports of changes attributable to the drugs emphasize 
their mildness. Abnormalities in as many as seven of twelve 
subjects given very modest (40 to 60 ug) doses of LSD have 
been reported, possibly reflecting conceptual differences in the 
ranges of normal among different EEG readers.” The change 
most frequently reported has been a slight increase in alpha 


: Ps __ thythm or a desynchronizing pattern. One investigator saw EEG 
changes only during the clinical appearance of visual phe- 


.- Romena, there being a suppression of the alpha rhythm with 
_. the appearance of visual hallucinations.** Low voltage fast ac- 


: tivity with frequent irregularity in the pattern has been reported 
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from both mescaline and LSD.'**"' Treatment with JB-399 
either caused no change or a change from alpha to beta rhythms 
in the parietooccipital regions.** In this regard the increased fre- 
quency produced by the psychotomimetics resembles the changes 
produced by other CNS stimulants. A similarity between the 
EEG effects of LSD and amphetamine has been described, both 
producing significant decreases in voltage output, but the 
changes from LSD appearing more slowly and lasting longer. 

Only a few studies of depth tracings have been made in 
humans. Both LSD and mescaline had a pronounced quieting 
effect on the spike- and sharp-wave foci of two epileptic patients; 
the existing paroxysmal activity of three chronic schizophrenic 
patients was increased." Subcortical paroxysmal activity was 
induced by LSD and mescaline in hippocampal, amygdaloid and 
septal regions by both LSD and mescaline. These changes 
were associated with behavioral manifestations of anxiety and 
hallucinatory psychosis; they were blocked by administration of 
chlorpromazine, but not by reserpine. 

The desychronizing action of LSD was evident in interactions 
with drugs having the opposite EEG effect. Synchronization and 
slowing caused by chlorpromazine was reversed by 20 to 80 ug 
of LSD administered intravenously.’** An oral dose of 60 ug was 
adequate to abolish the paroxysmal theta waves produced by 
reserpine. EEGs previously slowed by barbiturates, chlorproma- 
zine, reserpine, reserpine and chlorpromazine in combination, 
convulsive therapy or epilepsy were accelerated by 20 to 150 
wg of LSD.” 

Thus, in the human, it appears that ordinary doses of psycho- 
tomimetics have a slight but definite effect of desynchronization. 
They resemble other CNS stimulants in producing this nonspe- 
cific effect. Occasional reports have linked the appearance of 
EEG changes with clinical symptoms, but, more often than not, 
the latter occur without any readily apparent EEG alterations. 


STUDIES IN ANIMALS 
‘The greater range of electrographic techniques available for 


: anirial experimentation, as well as the increased doses of drugs 


and varied routes of administration such experiments allow, have 
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amplified the fragmentary data obtained from observations in 
man. 


Rabbits 


LSD was found to cause flattening of the electrocorticogram 
of rabbits for a period of one to two hours; this flattening could 
be prevented by barbiturates.” Both LSID and mescaline pro- 
duce an alerting pattern in the intact rabbit but not in the 
encephale isolé or cerveau isolé preparation, which would sug- 
gest that spinal connections were necessary for the desynchroni- 
zing actions of these drugs.” Mescaline and 3,4-dimethoxy- 
phenylethylamine have a main site of EEG arousal caudad to 
the midbrain and cephalad to the first cervical segment; epine- 
phrine has a site of EEG activation at the midbrain level.” 
Curiously, very large doses of LSD were devoid of an alerting 
effect. These paradoxical effects with large doses have been 
confirmed. A small dose (1 to 5 pg/kg) was found to facilitate 
the alerting response to minimal stimuli; larger doses (15 pg/kg) 
produced an enduring alert pattern, but sufficiently high doses 
restored the sleep pattern.”! Increased electrical activity was 
accompanied by behavioral arousal. The threshold dose for LSD- 
induced arousal pattern is 35 pg/kg; chronic treatment with 
50 wg/kg intravenously produced mixed slow (5 to 6 cps) high 
voltage and low fast (30 cps) activity after the eighth day. 
Changes from LSD have been said to be reversed by azacyclonol 
and reserpine premedication.2” 

A dose of 20 pg/kg of LSD or 15 mg/kg of mescaline pro- 
duced similar desynchronization of the EEG from the cortex 
and hypersynchronization from the hippocampus. Both actions 
were antagonized by chlorpromazine, but the stimulation pat- 
tern was augmented by reserpine.’” A similar differential pat- 
tem between brain areas has been confirmed for LSD, the 
spontaneous cortical EEG showing desynchronization in the 
neocortex and synchronization in the hippocampus.” However, 
another observer found that LSD produced desynchronization 
in the cortex, as well as an irregular desynchronized activity in 
the hippocampus; its effect was believed to be directly on both 
structures and not via the reticular formation. 


MBF es ie oon 
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Mescaline and bufotenin were found to produce effects simi. 
Jar to LSD, such as desynchronization in the cortex and hyper. 
synchronization in the hippocampus. Harmine (0.4 mg/kg) and 
nalorphine (2.0 mg/kg) also caused cortical desynchronization, 
which alternated with a synchronized pattern. Phenylcyclidine 
(2 mg/kg) produced slow, synchronous activity. The similar 
patterns from LSD, mescaline, bufotenin, harmine and nalorphine 
were interpreted as indicating stimulation of the reticular for- 
mation.** The changing pattern elicited by harmine and nalor- 
phine was believed to simulate the changing levels of conscious- 
ness seen in organic deliria, while the limited action of phenyl- 
cyclidine on the cortex was believed to account for the pre- 
dominance of thinking disorders from this drug. Psilocybin (2 
mg/kg intravenously) had effects similar to those of LSD, but, 
in contrast, these were also evident in the isolated brain.“ The 
drug provided little accentuation of arousal from sensory stimuli 
and no enhancement at all of direct electrical stimulation of the 


reticular formation. 
Cats 


In general, the EEG effects of these drugs in cats are similar 
to those seen in rabbits. Conscious cats with implanted electrodes 
showed an alert type of EEG after both LSD and amphetamine, 
this pattern coinciding with behavioral alertness.*” Excitement 
and low fast EEG activity was observed in conscious cats 
treated with LSD but not in encephale isolé or cerveau isolé 
preparations.*t A very high frequency (50 cps), high amplitude 
tracing was obtained from pallidum, putamen and amygdaloid 
of cats treated with LSD; the electrographic effects paralleled 
the duration of the “sham rage” produced.*** The threshold of 
electrical stimulation of the reticular formation necessary to 


_ produce arousal was reduced by LSD. 


+ Intraventricular injection of LSD was followed by slow 
waves, while mescaline produced paroxysms of 10 cps spikes.” 
In conscious cats, intraventricular injection of 100 to 200 yg 


7 - of LSD produced a high amplitude, rhythmic 4-to-7-cps ac- 
as, © tivity. Close arterial injection of 50 yg/kg of LSD through 
; eat... te carotid artery evoked immediate transient activation of the 
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ipsilateral hemisphere, followed by reduction in amplitude, in- 
crease in number of spindles and bilateral generalized decrease 
in frequency.’ The arousal pattorn in the motor cortex from 
intraventricular or intravenous LSD was antagonized by chilor- 
romazine and reserpine, but not the pattern in the amygdala, 

Paradoxical effects were noted from excessively high doses. 
Intravenous injection of 700 to 100 pg/kg evoked slow, high 
voltage sleep waves in the cortex and thalamus, but not in the 
rhinencephalon.?™ Doses of 60 pg/kg of LSD did not change 
the threshold for reticular formation stimulation, but as little 
as 1 to 2 pg/kg markedly lowered the threshold for arousal from 
auditory stimuli. Amphetamine had an opposite effect. Chlor- 
promazine blocked the increased arousal from sensory stimuli 


following LSD.*° 


Dogs 


Both in awake dogs and those made unconscious by Amytal®, 
the three indole alkaloids, yohimbine, harmine and ibogaine, 
produced EEG tracings indicating central stimulation. These 
changes correlated with central stimulation manifested be- 
haviorally.””° 

In summary, the EEG effects are fairly consistent. Ordinary 
doses of LSD, as well as comparable doses of similar psychoto- 
mimetics, produce a desynchronized alerting pattern manifested 
by low-amptitude waves of high frequency. These are the most 
commonly reported EEG changes noted in man, rabbits and 
cats, and have also been observed in dogs. Thresholds for 
arousal by sensory or reticular formation stimuli are also de- 
creased, while the alerting pattern is abolished in the isolated 
brain. Not all portions of the brain are similarly affected, and 
very high doses of drugs or intraventricular injection produce 
paradoxical effects. The alerting pattern observed frequently 


correlates with behavioral arousal or other evidence of a drug 
effect. 


NEUROPHYSIOLOGICAL STUDIES 


. The majority of neurophysiological studies has been con- 
_ cerned with the visual system, which is fairly easily studied and 
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of great relevance to the clinical effects produced by these drugs 


Visual System 


Injection of mescaline, LSD, adrenaline and _ serotonin into 
the common carotid artery of cats produced synaptic inhibition 
in the visual cortex, an effect demonstrable in the optic path- 
ways. These data were interpreted as suggesting that a dis. 
turbance in some adrenergic neurohumoral mechanism was jn- 
volved in the actions of the hallucinogenic drugs.” Similar 
effects have been noted on transcallosal synaptic transmission 
from the same materials, as well as from norepinephrine and 
amphetamine.*” In fact, the close arterial injection of almost 
any substance appears to inhibit synaptic transmission. 

Much evidence suggests that transmission at the lateral 
geniculate nucleus, the main relay in the optic system, is blocked 
by various psychotomimetic drugs. Both LSD and _ bufotenin 
injected in the carotid artery of anesthetized cats markedly de- 
creased the response of the lateral geniculate to stimulation of 
the optic nerve, but not the response of the visual cortex to 
stimulation of the optic radiation fibers. The responses of the 
optic tract to photic stimulation of the retina was reduced by 
LSD in relatively high doses, but not by bufotenin."* The dose 
of drug which inhibited impulse transmission in the lateral 
geniculate of the cat was 160 »g/kg intravenously. Some evidence 
of blocked transmission was evident over a range of total doses 
from 5 to 1000 yg in cats. Similar blocked geniculate transmis- 
sion of varying degrees was found to be caused by the 2-brom 
analogue of LSD (BOL-148), bufotenin, mescaline and _ sero- 
tonin.” The effects of serotonin and BOL-148 were not con- 
firmed in another study, which found that, besides LSD, other 
indoles such as tryptamine, bufotenin and dimethyltryptamine, 
depressed lateral geniculate transmission in the cat."*' LSD ana- 
logues, such as 2-oxy LSD or 2.2’-bis-LSD disulfide, had no 
effect. At a certain stage in LSD or bufotenin intoxication, 
monkeys become blind. Neither drug in cats had much effect 
on optic tract responses to photic stimulation of the retina, but 
both markedly decreased the amplitude of the postgeniculate 
potential. Cortical responses to geniculate fiber shock were 
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highly resistant to both drugs." Definite changes in the evoked 
response of the visual cortex were found in four subjects treated 
with 10mg doses of psilocybin. Such changes correlated with 
the occurrence of visual symptoms.” 

Retinal effects of these drugs are still unsettled. LSD (100 
ug intraperitoneally ) caused apparent visual hallucinations in 
cats and initiated spontaneous action potentials in the retina. 
The visual cortical activity induced by LSD was dependent 
upon nervous transmission from the retina, not appearing when 
the optic nerve was severed."® In contrast to these findings, the 
intraperitoneal or intracarotid injection of LSD or mescaline 
caused no changes in the electroretinogram of the cat.*7 In 
rabbits, LSD increased the ERG potential from submaximal 
stimuli, the values approaching those of maximal stimuli. 

A study in humans attempted to relate the visual symptoms 
produced by the drugs to critical fusion frequency of flicker 
(cff), the electric flicker threshold (in the ERG) and the in- 
tensity threshold for light. After small doses (25 to 50 yg) of 
LSD, the cff was increased and the electric flicker threshold 
and intensity threshold for light were decreased. Cone dark 
adaptation was inhibited, while rod dark adaptation was facili- 
tated. Only the changes in cff seemed to parallel the course of 
the visual symptoms.** In the normal human ERG, LSD in- 
creased the scotopic b-wave amplitudes, and in some subjects 
also increased the scotopic a-wave amplitudes. The ERG changes 
after LSD in two blind subjects with total optic atrophy were 
similar to those found in normal subjects reporting visual hallu- 
cinations. Neither blind subject reported hallucinations. Other 
blind subjects with previous visual experience did report visual 
hallucinations after LSD comparable to those reported by nor- 
mals, Thus, it was concluded that visual hallucinations can occur 
without a functioning retina.?™ 

In summary, there is some evidence for an increased sensi- 
tivity or spontaneous activity of the retina after the hallucino- 


- Benic drugs. At the same time, the principal relay station in the 


~ Visual tract is somewhat blocked. The visual cortex seems to be 
e affected, One can imagine that an increased amount of 


ae “Visual input may reach the geniculate, but only partial informa- 
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tion is received at the visual cortex. In such a case the normal 
integration of experience within the visual sensory system may 
be impaired, with transmission of impulses elsewhere, and pro. 
duction of clinical phenomenon of synesthesia (seeing sounds 


or hearing colors). 
Cortex 


The effects of LSD on cortical activity are biphasic, as well 
as dose-dependent. Low concentrations of LSD (2 to 30 pg/kg 
intravenously) in cats enhanced electrocortical activity evoked 
by acoustic, visual or sensory stimuli. Higher (40 to 60 pg/kg 
IV) doses depressed auditory responses but enhanced visual 
responses.” Concentrations of LSD which enhanced acoustic or 
visual responses inhibited recruiting responses. The stimulating 
and inhibitory action of LSD is explained on the basis of dif- 
ferent types of synapses in the various systems, LSD inhibiting 
axodendritic synapses and stimulating axosomatic synapses.” 
Axodenritic synapses are characteristic of cortiocortical asso- 
ciation pathways; axosomatic predominate in specific thalamo- 
cortical pathways. In rats, LSD (50 to 100 wg IP) increased the 
electrical excitability of the motor cortex and peripheral nerves 
followed by a later decrease. The initial increase was attributed 
to stimulation of subcortical regulatory centers, such as the 
reticular formation. During neurosurgical procedures on hu- 
mans, the slow infusion of LSD into a cortical artery produced 
an inhibition of cortical dendritic activity similar to that seen 
in the cat.’” Thus, the majority of evidence suggests that the 
cortical effects are predominantly on association pathways and 
provide a basis for the impairment of many intellectual functions 


so clearly apparent clinically. 
Temporal Lobe 


While one might expect to see considerable evidence for 
an effect on limbic or temporal lobe structures from LSD, in 
view of the organized hallucinations often reported and_ the 
frequent alterations of mood, the evidence is not overwhelming 
and somewhat conflicting. LSD (50 to 100 ug IV) in cats had 
little or no effect on cortical or rhinencephalic EEG changes 
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duced by sciatic nerve or reticular formation  stimulation,! 
Cats with implanted electrodes in the limbic system showed no 
differences in the reactions to various stimuli after LSD 
However, cats with electrodes chronically implanted in the 
amygdala, hippocampus and other temporal lobe and midbrain 
areas had brief seizure-like episodes recorded in the dorsal 
hippocompal and entorhinal cortex following LSD in doses of 
95 pg/kg. At this dose, seizures were dependent upon a reduction 
of visual and auditory sensory influences, while at 100 pg/kg 
doses, they persisted in a well-lit environment. Psilocybin and 
psilocin resembled LSD in their effects.” Using spectral analytic 
methods, the resting EEG of multiple brain structures was 
studied following a variety of hallucinogenic drugs. LSD, mes- 
caline, phencyclidine and bufotenin caused a_ well-defined, 
marked reduction in the 40-cps peak in the records from the 
amygdaloid and periamygdaloid cortex.’ Brom-LSD (BOL-148) 
and bulbocapnine failed to evoke any change in activity in these 


areas, not producing clinical effects comparable to the hallucino- 
gens. 


Spinal Cord 


The effects of LSD on the spinal cord are variable. In cats, 
small doses of LSD (10 to 20 pg/kg) stimulated the flexion 
reflex, which is depressed by large doses (40 to 80 pg/kg). 
Monosynaptic reflexes of the ventral roots were facilitated in 
cats treated with LSD, while polysynaptic reflexes were de- 
pressed."* LSD antagonized depression of spinal cord reflexes 
produced by reserpine. In cats with transections of the lower 
cord (T-13), LSD (10 pg/kg IV) caused a gradual but marked 
increase in amplitude and tone of the flexion reflex and knee 
jerk lasting three to six hours. In cats given 5 wg/kg LSD, the 
facilitatory effect of substance P on neural transmission from 
posterior spinal roots to secondary or internuncial neurones was 
enhanced; LSD alone had no such effect. It was believed that 
LSD acted by inhibiting an enzyme which destroys substance 
P.> Neuromuscular transmission in rabbits was not influenced 
by LSD in relatively small doses (50, 100 and 150 pg). These 
negative results may be due to the fact that LSD only very 
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slightly antagonizes true cholinesterase. 


Integrative Functions 


In rabbits trained to pull a ring with the mouth when q 
buzzer sounded in order to obtain a piece of cabbage, presenta- 
tion of the conditioned stimulus caused the appearance of waves 
of increased frequency and amplitude in the hippocampal EEG 
lead as the response occurred. Both amphetamine and LSD pro- 
longed the performance of the conditioned response.” This 
disruptive effect of the drug on a conditioned response may 
simply reflect a specific action on the selective mechanism for 
processing information. In the waking animal it has been found 
that small doses of LSD alter the evoked potentials in the 
auditory pathway and cortex. However, these changes in ampli- 
tude of auditory potentials are related to the environmental 
situation, that is, the attentiveness or distractibility of the ani- 
mal.?% 

Sympathomimetic drugs are known to oppose sleep generally, 
LSD in doses of 20 and 2 pg/kg given to cats reduced sleep 
time generally and selectively reduced low voltage fast sleep.’ 
Such sleep in humans is often associated with dreaming. As 
dreams and the hallucinated state produced by LSD are some- 
what similar, it might have been expected that LSD would 
increase this type of sleep. Initial studies in man with doses of 
LSD so small as to not interfere with sleep indicate that the 
time of rapid eye movement (REM) sleep is increased. If this 
finding is confirmed, it is possible that the drug hallucinations 


may represent waking dreams. 


SUMMARY 


The alerting pattern found in the EEG following various 
psychotomimetic drugs suggests information-input overload as 
one possible mechanism of action. Assuming that the reticular 
formation has a modulating and monitoring influence on sensory 
input, a decrease in its threshold for passage of stimuli could 
cause an indiscriminate and inordinate number of signals to 
reach consciousness. Clinically, this overload might be apparent 
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in the loss of intellectual and psychomotor functions which 
scems to be so largely dependent upon a decreased ability to 
attend. Not only would messages from outside arrive in greater 
number, but messages from within should reach consciousness 
more easily. In this way one could account for much of the 
dreamlike state and abnormally real fantasies which occur 
clinically. A similar hypothesis has been put forth to explain 
schizophrenia, on the basis that all drugs with antipsychotic 
effects decrease electrographic evidence of arousal in the reticular 
formation; a condition of chronic hyperarousal has been postu- 
lated in schizophrenics. 

Visual phenomena are more difficult to explain. If retinal 
activity is increased while the principal relay station in the 
geniculate is blocked, one could speculate that only portions of 
an increased amount of visual information might reach the 
cortex. Normal vision might be expected to be changed, but it 
is not clear why the clinical manifestations should so regularly 
involve undulating images, increased contrast or organized visual 
hallucinations. The somewhat random kaleidoscopic patterns 
might be explained on the basis of the increased peripheral 
stimulation. A disruption of cortical associative pathways pro- 
vides a reasonable basis for the intellectual impairment so 
clearly apparent clinically. Although some effects on temporal 
lobe structures have been demonstrated, it is not certain how 
these may relate to the organized visual hallucinations or changes 
in mood which occur clinically. Increase in spinal cord reflex 
activity could account for the general hyperreflexia so promi- 
nent during the clinical activity of the drug. 

Our state of ignorance regarding the neurophysiological 
mechanisms of action of the psychotomimetic drugs is neither 
more nor less than it is for many other psychotropic drugs. With 
the increased knowledge of central nervous system functions 
and improved techniques for studying drug actions in this 


ba more rational theories should be developed in the near 
ture. 


Chapter VI 


PHYSIOLOGICAL, BIOCHEMICAL 
AND METABOLIC STUDIES 


J ust as electrophysiological approaches have contributed some 
basis for forming hypotheses about the mechanisms of action 
of these drugs, so have other types of studies. Unfortunately, 
no single approach has been adequate for more than an incom- 
plete and tentative explanation. 


PHYSIOLOGICAL STUDIES 
Studies in Man 


The clinical syndrome from these drugs has been described 
at various levels of sophistication, although agreement is sub- 
stantial about certain physiological changes. Almost every ob- 
server has commented upon the pupillary dilation and increased 
deep tendon reflexes seen with LSD. The Lexington group has 
carefully measured blood pressure and pulse rates, and has 
_.. found a significant, although not striking, increase in systolic 

~ blood pressure and pulse rate following doses of LSD as low as 


- 05 pg/kg, as well as from mescaline, psilocybin and dimethyl- 


~ tryptamine.”* Changes in blood pressure were not great, and 
+ were often variable. Only a minority of subjects treated with 


‘psilocybin, JB-329 or alpha-methyltryptamine showed any 


change in blood pressure." While increased blood pressure was 


~~. noted in most patients treated with mescaline, a slight decrease 
.. _ . was noted in a few treated with psilocybin. Thus, blood pres- 
sure changes are not prominent nor consistent with most psycho- 
_ tomimetics. LSD caused a slight increase in body temperature, 


although not nearly as much as has been reported in animals. 


on 
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Increased salivation and slight ataxia have been described 
as changes attributable to LSD."” Areas of color vision in the 
visual fields were increased by mescaline, which also produced 
ataxia; no cardiovascular changes of consequence were noted.’ 
Phencyclidine also caused pupillary dilation, increased deep 
tendon reflexes, ataxia, increased blood pressure and increased 
pulse rate.” At higher doses, ptosis, nystagmus and diminished 
corneal and pupillary reflexes were observed. The notion that 
the drug may act by diminishing acuteness of bodily sensations 
was given some support by a study showing a significant decrease 
in hearing, vision, two-point discrimination, touch and position 
sense.“7 
The endocrinological effects of these drugs in man are not 
very clear. Data from a few chronic schizophrenics revealed no 
change in urinary excretion of epinephrine or norepinephrine 
following small doses of LSD. The same doses increased excre- 
tion of catecholamines in manic-depressive patients, and in- 
creased epinephrine excretion while decreasing norepinephrine 
excretion in involutional patients, both of whom showed more 
clinical reactions.” We have found that LSD, 2 yg/kg orally, 
produced a small rise in epinephrine excretion during the first 
two hours after administration, but that, over an eight-hour 
period, the excretion rates of epinephrine, norepinephrine, total 
metanephrines and vanilmandelic acid (VMA) did not differ 
from a control period. Mescaline (6 mg/kg) had a somewhat 
different effect in recovered schizophrenics, both epinephrine 
and VMA excretion being decreased transiently during a four- 
hour period, An antidiuretic action of LSD has been twice 
demonstrated, using different techniques; it was not seen in all 
subjects, but in those in whom it was observed, it may be pro- 
found.’” Excretion of 17-hydroxy and 17-ketosteroids by subjects 
taking 1.5 to 2 wg/kg of LSD was not much changed, although 
a significant increase in excretion of 17-ketogenic steroids was 
noted during the first eight hours after the drug. No effects 
were noted on serum protein-bound iodine levels within the 
first four hours after the drug.’” 
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Studies in Animals 


Circulatory Effects 

LSD given to rabbits and mice uniformly produced hype, 
emia of the liver and, to a lesser extent, the spleen. ft wa, 
thought that this increased circulation might be related 4, 
detoxification of the drug by the liver, Blood flaw through: the 
whole brain, as well as specific areas of the brain, was nes 
changed." 


Endocrine Effects 

LSD has no effect on the urinary excretion of three cort) 
costeroids in guinea pigs.”” Dogs treated with 50 yy/ky of LSD 
acutely showed a slight rise in the concentration of I7-hydroxy. 
steroids in the adrenal vein blood; levels of epinephrine and 
norepinephrine were unchanged.'” Rats treated with either 500 
or 750-ug/kg doses of LSD given in eight doses over a two-week 
period showed a slightly increased excretion of 17-ketostervids 
and 17-hydroxysteroids. Thyroid weights were decreased, as was 
oxygen consumption, suggesting a decreased thyroid function.” 
The twenty-four-hour uptake of I-131 in rats was decreased by 
LSD, an effect reversed by reserpine.” The Siamese fighting 
fish (Betta splendens), as well as most other species of fish, be- 
came darker in color as well as showing swimming disturbances 
when treated with LSD.° The darker color, associated with ex- 
pansion of melanophores, is antagonized by treatment with 
serotonin. A marked increase of pigment in melanophores fol- 
lowing LSD has also been observed in toads, although the drug 
had no effect on the pigment dispersion from adrenocortico- 
tropic hormone (ACTH). As the latter may be considered 
equivalent to the melanophore-stimulating hormone (MSHI), it 
was felt that these experiments could be interpreted ay ruling 
out a direct effect of LSD on melanophores.” 


Pyretogenic Effects 

Quite early, LSD was found to elevate the body temperature 
of rabbits, cats and dogs, an effect which could be antagonized 
by sodium pentobarbital, but not by antipyrine or adrenergic 
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blocking agents such as dihydrogenated ergot derivatives or 
dibenamine.*” The fact that fever could not be inhibited by 


serotonin was thought to indicate a central origin. It is now 
believed that the pyretogenic effect is simply one manifestation 
of a centrally induced sympathicotonia, also evidenced by 
pupillary dilatation, tachycardia, piloerection and hyperglyce- 
mia.” In this regard, and contrary to the earlier study, dihydro- 
genated alkaloids of ergot, as well as other sympathetic blocking 
agents, such as chlorpromazine, phenoxybenzamine or hexame- 
thonium, inhibited the pyretogenic effects. On the other hand, 
amephetamine, Metrazol®, reserpine and iproniazid increased the 


reaction.*® Ordinary sedatives, such as meprobamate or chloral, 
or antipyretics, such as aspirin, had no effect. Tolerance to \ne 


wet 


pyretogenic effects can be demonstrated after pretreatment; Ane 
cross-tolerance with BOL is also seen. The neural site of the ice G 


pyretogenic effect is probably the diencephalon; it is not im- V 


a 


paired by removal of the cortex alone, but removal of the of 


midbrain or decerebration causes impairment. 


Other Effects 


\Jall sym 


Eosinopenia and lymphopenia have been described in rats 
following LSD.™ Eosinopenia in man has not always been a 
significant finding, although the trends are consistently in that 
direction." Presumably such changes are nonspecific responses 
to stress, not necessarily signifying a major change in adreno- 


cortical function. 


LSD protected sensitized white mice against anaphylactic 


shock, presumably due to its antiserotonin action. It is though 


t 


that serotonin is a particularly important mediator of anaphylaxis 
in this species.” Doses of 20 to 50 mg/kg administered triweekly 
decreased the incidence and mortality rate from allergic en- 
cephalomyelitis induced in guinea pigs.” Lesions in the brains 
of those animals dying from the disease were decreased as well. 


Treatment of rats with very large doses of LSD (25 mg/kg 


) 


produced a depletion of Nissl substance as well as neuronal 
rarefaction in the posterior frontal and parietal areas of the 


‘ cerebral cortex. No changes were seen following doses of 


1 
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mg/kg.** Due to species differences, extrapolations about toxicity 
to man from such experiments as these are dangerous; it is stil] 
not certain whether large acute doses or chronic repeated doses 
cause any neuronal changes in man. A classic example of the 
danger of extrapolating doses from one species to another was 
the lethal effect of a dose of 297 mg (0.1 mg/kg) administered 
to a small elephant; the dose was calculated on the basis of 
doses appropriate for other species.*” Fortunately, the lethal 
dose for man has not been established. 


BIOCHEMICAL STUDIES 
Studies in Man 


Scarcely any effects on glucose metabolism have been de- 
tected by acute experiments in humans. Ten normals and eight 
schizophrenics given 120 wg of LSD intravenously showed no 
changes in cerebral blood flow, cerebral vascular resistance, 
oxygen consumption, glucose utilization or respiratory quotient.” 
In repeated studies we have found no change in plasma glucose 
levels in subjects treated with LSD (1 to 1.5 yg/kg), mescaline 
(5 mg/kg) or psilocybin (150 to 225 ywg/kg). At present it does 
not appear that the effects on glucose metabolism play an 
important role in the mechanism of action of these drugs. 

Effects on inorganic phosphate metabolism have been much 
more consistent. LSD (0.5 to 1 yg/kg PO) given to normal 
subjects reduced the excretion of inorganic phosphate, suggesting 
that LSD may act on enzyme systems to facilitate the binding 
of phosphate.** Guinea pigs given a dose of 50 wg of LSD 
excreted almost 50 per cent less inorganic phosphate. This 
change was prevented by ACTH administration.” Significant 
decreases in inorganic phosphorus excretion have been shown 
to occur in normal subjects treated with LSD (1 pg/kg), mes- 
caline (5 ywg/kg) and psilocybin (150 pg/kg). As these drugs 
also produced a slight decrease in creatinine clearance, the ratio 
of phosphate clearance to creatinine clearance was also calcu- 
lated. This ratio was similarly decreased by all three drugs, as 
well as by a combination of the drugs. Serum phosphorus tended 
to rise concomitantly. No changes were noted in the calcium 
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clearance, creatinine clearance ratio or in serum calcium levels. 
although the decrease in inorganic phosphate excretion is quite 
real, its possible significance in regard to the action of these 
drugs is unclear. It may simply be a nonspecific manifestation 
of stress.2% 

Another consistent finding with psychotomimetic drugs has 
been mobilization of free fatty acids (FFA). Marked increases 
in plasma FFA levels followed LSD (1 to 1.5 ug/kg orally and 
subcutaneously), mescaline (5 pg/kg orally), psilocybin (150 
and 225 yg/kg orally) or a combination of the three drugs. 
When compared with epinephrine (3 yg/kg subcutaneously), 
LSD (2 yug/kg subcutaneously) increased FFA levels to a 
comparable degree, although the rise was slower and more 
prolonged compared to the acute effects from epinephrine. Some 
rise in plama FFA levels due to anxiety evoked by the ex- 
periment was evident even after placebo administration, al- 
though this rise was slight and not progressive; it was far less 
than observed following mescaline (6 pg/kg) in the same sub- ; 
jects. However, increased plasma FFA levels may only reflect 
the stress and anxiety produced by psychotomimetic drugs, ; 
rather than explaining their action.”” 4 

A wide variety of biochemical measurements in man have i 
been unchanged by LSD or other psychotomimetics. In addition | 
to some of those already mentioned, one could add serum 
creatinine, plasma urea and nonprotein nitrogen, plasma sodium, ; 
chloride and osmolality and serum cholesterol and total lipids. 1: 
Plasma activity of pseudocholinesterase, copper oxidase activity 
and serum glutamic oxalacetic transaminase activity were essen- 
tially unchanged by LSD, mescaline, psilocybin or a combination oka 
of these drugs. Hepatic tests have been uniformly negative, | Bene 
despite an early notion that the drugs had some effect through 
the liver. Examination of urinary constituents has also failed to vo 


reveal any consistent changes. Curd pro 9ue 
Studies in Animals N © fect + on We 
Biogenic Amines Liver! . 
Following the discovery that LSD antagonized serotonin in or || 
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peripheral structures, a great many experiments were perforsmed 
on interrelations between these two substances in the neryou, 
system.’ Whole brain serotonin of rats was increased by LS) 
in doses from 130 to 1300 pg/kg. Particulate serotonin was jn- 
creased by doses of 520 wg/kg of LSD or 20 mg/kg of mescaline," 
Further studies indicated that LSD increased the total serotonin 
in brain stem and most viscera, but it was assumed that increased 
binding of serotonin was the reason for the reduced central 
effects.°* Although LSD reverses the central depression of 
reserpine, it does not reduce the reserpine-induced reduction of 
brain serotonin.” Peripherally, both psilocybin and psilocin have 
combined serotonin and antiserotinin effects. Like serotonin, 
they contract the isolated rat uterus, although to a lesser de- 
gree. Both compounds were antagonistic to the serotonin-induced 
contraction of rat uterus and stomach.” At the moment, the 
hypothesis of LSD action through an antiserotonin mechanism 
has few strong supporters. 

Both total and particulate norepinephrine are decreased by 
LSD throughout the brain as well as in the heart. Psilocybin, 
likewise, reduces brain norepinephrine content, probably by 
causing a greater release of this amine following both drugs.’” 
Such an action would be highly consonant with the strong 
central and peripheral adrenergic actions of LSD. Indeed, some 
have looked upon LSD as a phenylethylamine derivative capable 
of stimulating central adrenergic sites. 

LSD reduced the total level of histamine in rabbit brain, 
but increased the bound form of the amine in the mitochondial 
sediment. The increase in intracellular histamine may explain in 
part the antianaphylactic effects of LSD, but it hardly seems 
relevant to the psychotomimetic action.” 

The centrally acting anticholinergics, such as JB-329, cause 
a central release of acetylcholine which is related to the psycho- 
tomimetic activity of the various members of the series.’**’* 
Both atropine and scopolamine also cause a significant fall in 
central acetylcholine levels, and both produce deliria similar 
to that from the JB series of drugs. LSD decreases the content 
of specific cholinesterase and monoamine oxidase in the neurones 
of spinal ganglia and the dorsal horn. It was postulated that 
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this change may allow a greater stream of impulses to reach 
the central nervous system, which would contribute to input 
overload.™! However, in rat liver, the same investigators found 
that both LSD and BOL acted similarly, although the latter 
has no hallucinogenic actions in man. 

LSD in doses of 10 ng/kg enhanced the effects of substance 
P in transmission of impulses through a dorsal root ganglia, 
presumably because of inhibition of enzymatic breakdown of 
substance P. It has been postulated that this mechanism also 
allows for an increased number of impulses to reach the central 
nervous system from the periphery.?* 


Glucose Metabolism 


As glucose is the principal source of energy in brain metabo- 
lism, a considerable amount of work has been directed at the 
effects of LSD on glucose metabolism. An early observation of 
an increased level of hexosemonophosphate in the blood of 
twenty-four persons treated with LSD suggested the possibility 
that the decomposition of glycogen was blocked at the hexose-1- 
phosphate phase.” Experiments in vitro with guinea pig brain 
and liver brei confirmed a decreased breakdown of hexosemono- 
phosphate following LSD.*** LSD produced a mild hyperglycemia 
in rabbits, while also decreasing cerebral consumption of glucose 
and depleting cerebral sodium and potassium.* Opposite effects 
occurred in dogs treated with LSD (100 ug/kg); mild hypogly- 
cemia was noted in the period between two to six hours after 
administration of the drug.”* However, hyperglycemia following 
LSD seems to be far more common. The elevated blood sugar 
could be reduced to 50 per cent by pretreatment with pento- 
linium or phenoxybenzamine; in view of the latter drug’s in- 
ability to block hyperglycemia from epinephrine, a central 
site for antagonism was postulated.” 

Prolonged treatment of rabbits with LSD reduced the con- 
sumption of glucose and inorganic phosphate, as well as carbon 
dioxide production, but increased lactic acid consumption.® 
Along with a concomitant increase in glutathione reduction, 
these changes suggested a dominance of aerobic glycolysis in 
the face of an overall diminution in oxidative processes.’? In 
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rats, TSI) (2.5 mg/kg IP) decreased nonprotein bound sulfhydry} 
(NPSIL) concentrations in the liver. Similar changes were pro- 
duced by mescaline (100 mg/kg), epinephrine and serotonin, as 
well as by stress. By means of its SH group, glutathione is ef- 
feclive as a coenzyme in important reactions in carbohydrate 


metabolism.”° 


Oxidative Metabolism 

Oxidative phosphorylation, studied in rat brain mitochondria, 
was inhibited to various degrees by a number of drugs, including 
LSD. The effects seemed to be rather nonspecific, as many 
chemically and pharmacologically unrelated compounds had 
similar actions.? Oxygen consumption in the intact rat was in- 
creased by LSD, suggesting an increased metabolic rate. An 
opposite effect was noted from chlorpromazine.” LSD, psilo- 
cybin, mescaline, bufotenin and JB-329 increased ATP levels 
in the rat brain as well as the ATP/ADP ratio and phosphocreatine 
levels. It was postulated that psychotomimetic activity may be 
related to increased levels of labile, energy-yielding phosphates 
in the brain.””” Other stimulating drugs, such as amphetamine, 


produced rather similar effects. 


Enzymes 

Although a number of observations of diminished or en- 
hanced enzymatic activity have been recorded following these 
drugs, the pattern does not allow the formulation of any 
reasonable hypothesis regarding mode of action. 

In isolated brain tissue, succinic dehydrogenase activity was 
moderately inhibited and cytochrome C oxidase activity stimu- 
lated by LSD; neither change was observed with mescaline.” 
LSD (120 wg IV) given to four hebephrenic schizophrenics de- 
creased serum alkaline phosphatase activity by 26 per cent and 
acid phosphatase activity by 43 per cent. We have not been 
able to detect any change in serum alkaline phosphatase activity 
of normal subjects given LSD in comparable doses, or following 
“equivalent” doses of mescaline, psilocybin or a combination of 
these drugs. LSD (10°M) caused a 50 per cent inhibition of 
human plasma cholinesterase in vitro; brain pseudocholines- 


for Wis poetia ability 
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terase was also inhibited, but not true cholinesterase.*® Almost 
identical effects on human serum cholinesterase activity have 
been demonstrated for d-2-bromo-LSD (BOL-148); the inhibi- 
tory effect of both materials has been demonstrated histochemi- 
cally in most areas of human and rabbit brain. However, such 
inhibition reveals no correlation with psychotomimetic effects, 
the brominated analogue of LSD being essentially inactive.’ 


Other Effects 


Both urea and 17-ketosteroid excretion were decreased in 
intact rats treated with LSD.*” In view of the former finding, 
as well as evidence in humans of a decreased glomerular filtra- 
tion rate and an antidiuretic effect, a change in the excretion of 
any material must be viewed in the light of the glomerular and 
renal tubular effects of the drug. Similar caution must be 
exercised in considering the report of a reduced excretion of 
certain phenolic acids in twenty-three students given LSD (1 
pg/kg orally)” 


METABOLIC STUDIES 
LSD 


, As seems to be inevitably the case with psychotropic drugs, 

the bodily distribution of LSD is unequal among various organs, 
| with relatively lgw Micontations in the brain. Using a bioassay 
based on the isolated rat uterus, the first metabolic study of 
LSD determined that doses of 35 mg/kg given to mice disap- 
peared rapidly from the blood, with an indicated half life of 
thirty-seven minutes. The drug was ‘also found in the brain, 
liver and skeletal muscle." Studies using labeled LSD indicated 
that it was excreted within a very short time via the liver and 
bile.’ Following intraventricular injection, LSD appeared in 
the liver as quickly as after intravenous injection, indicating 


that the blood-brain barrier did not exist so far as its passa 
e 


from brain to blood was concerned.’ Further studies in mi 

showed that the concentrations of drug in various parts of the 
brain as determined autoradiographically were, in descending 
order: hippocampus, basal ganglia, central paraventricular grey 


' 


g 
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matter, cerebral cortex and cerebellum. Within cells, most ac. 
tivity was found near the cell membrane, indicating a predomi- 
nant cytoplasmic distribution.” 

The plasma half life of labeled LSD was slightly shorter in 
rats than in mice, the 50 per cent disappearance time being 
about twenty minutes. Some 40 to 70 per cent of the drug was 
bound to plasma proteins, while 60 to 80 per cent of the total 
dose was excreted in the bile over a three-hour period.* Brain 
concentrations of labeled drug in rats were found to be the 
lowest of any tissue examined, amounting to 0.01 per cent of 
the administered dose; similar low concentrations were found 
in cats.* 

Pretreatment with reserpine usually enhances the effects of 
LSD administered forty-eight to ninety-six hours later, both in 
animals and man. Rats treated with 5 mg/kg doses of reserpine 
eighteen to twenty-four hours prior to receiving a dose of 200 
vg/kg of LSD had a marked decrease in the brain concentra- 
tions of LSD and a rise in plasma levels as compared with 
control rats. The brain-plasma ratio was changed from 0.47 to 
0.19. It was concluded that the effects of reserpine pretreatment 
on the responses to LSD were mediated by more than simply 
changes in amine concentrations.” 

In the cat, concentrations of LSD, in descending order, were 
found in bile, plasma, lung, liver, kidney, brain, intestine, spleen, 
cerebrospinal fluid, muscle and fat. After a dose of 1 mg/kg, the 
brain level of LSD in the cat was 0.52 «gm/gm of tissue. The 
drug was highly bound to plasma protein in this species, similar 
to others. The biological half life of LSD in cats was 130 
minutes. The liver was the major site of metabolism, most of 
the administered drug being fully metabolized. A 2-oxy-LSD 
metabolite was identified, which later was proven to be inactive 
clinically.* Two Ehrlich-positive metabolites of labeled LSD 


xo have been found in rat bile, possibly the b-glucuronides of 


. : _. hydroxy-LSD and hydroxyiso-LSD.™ An intermediate metabolite 
found in the liver of rats was identified as 13-hydroxy-LSD; 


2 eee this position corresponds to the 6-position on the indole 


nucleus, and some 6-hydroxyindoles were found to be psychoto- 
mimetic, it was postulated that this might be an active metabo- 
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lite. The possible routes of metabolism of LSD are summarized 


lysergic acid diethylamide 2-oxy-LSD (inactive) 
(LSD) 


"coils i noe? ee 
Neo Hs 
NCH NCH; 
re pic (lactive) 


both form glucuronides 
Ficure 7. Metabolic pathways of LSD. 


In monkeys given doses of LSD ranging from 0.5 to 2.0 
mg/kg, and using a fluorometric technique for determination of 
tissue concentrations, LSD was found to be unequally distributed 
in brain. Highest concentrations were found in the pituitary and 
pineal glands, being some seven to eight times that of cortex. 
Structures in the limbic system, such as hippocampus, amygdala, 
fornix and septal region, contained two to three times, the visual 
and auditory areas and hypothalamus contained two to five 
times, while the extrapyramidal system and thalamus contained 
approximately 1.5 times the cortical concentration. The brain 
stem contained about the same amount of drug as the cortex 
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and the cerebellum significantly less. The high concentration of 
LSD in subcortical visual centers could be related to some of 
the visual effects clinically observed. High concentrations in the 
limbic system and hypothalamus could be related to the marked 
changes in affective behavior. The central sympathetic stimula. 
tion is probably mediated through mesencephalic and dien- 
cephalic structures, areas which selectively concentrate LSD. 

Humans given doses of 2 pg/kg of LSD intravenously had 
blood specimens taken which were analyzed for LSD using a 
spectroflurometric technique. After equilibration had occurred 
in about thirty minutes, the plasma level was between 6 and 7 
nanograms/ml. Subsequently, plasma levels gradually fell until 
only a small amount of LSD was still present after eight hours. 
The half life of the drug in humans was calculated to be 175 
minutes. Performance scores on simple arithmetic tests were 
considerably impaired during the period of maximal levels, fol- 
lowed by improvement as the plasma levels of drug dropped. 


Mescaline 


The oxidation of mescaline to trimethoxyphenylacetic acid 
(TMPAA) by rabbit liver in vitro has been recognized since 
1938. The corresponding aldehyde apparently serves as a 
transient intermediate in this sequence. The question of whether 
or not deamination occurs through the action of a specific mesca- 
line oxidase or whether it can be effected by monoamine or dia- 
mine oxidase is still unclear. Enzymatic O-demethylation is 
another metabolic pathway, resulting in a variety of possible 
compounds: 3,5-dihydroxy-4-methoxyphenylethylamine, 3,4-di- 
hydroxy-5-methoxyphenylethylamine, 3,4-dimethoxy-5-hydroxy- 
_ phenylethylamine, and  3,5-dimethoxy-4-hydroxyphenylethyla- 

mine.” (See Figure 8.) 

After intraperitoneal injection, relatively large amounts of 
mescaline were found in liver and kidneys, with smaller quanti- 
ties in brain, spinal cord, blood cells and plasma. About 80 per 
cent of mescaline was excreted as free amine by the mouse, 
while the rat excreted the major portions as TMPAA; possibly 
trimethoxyphenylethanol and trimethoxyphenylacetaldehyde are 
also formed. After intravenous administration of mescaline to 
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4-OCHy 3,5-dihydroxy-4-methoxyphenylethylamine 
40H 3,4-dihydroxy-5-methoxyphenylethylamine 
4-OCH, }3,4-dimethoxy-5-hydroxyphenylethylamine 


4-04 3,5-dimethoxy-4-hydroxyphenylethylamine 


CHO cH, 
CH}07 NS ann 
OCH; H 


Possible indolic form 


Ficure 8. Metabolites of mescaline. 


dogs, the plasma levels fell gradually after equilibration, with 
disappearance being complete in six to eight hours. Maximal 
rates of urinary excretion occurred between two and four hours. 
Liver and kidneys showed the highest concentrations.*” 

Studies in humans indicate that 35 to 58 per cent of an 
administered dose of mescaline determined chemically is re- 
coverable in urine over a twenty-four-hour period, with an 
average of 30 per cent in the first eight hours. Using labeled 
material, it was found that peak levels following oral doses in 
man were attained in two hours, with a gradual fall-off over 
the next ten hours. Almost all radioactivity was found in plasma, 
Suggesting strong protein-binding. The average half life was 
found to be six hours. During the first twenty-four hours, an 
average of 87 per cent of labeled material was recovered, with 
small additional amounts over the next twenty-four hours. The 
major urinary metabolite in man was mescaline (55 to 60%), 
followed by TMPAA (27 to 30%) and very small amounts of 
N-acetyl metabolites. The same compounds have been found in 
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cerebrospinal fluid. The acetic acid metabolite (TMPAA) is 
inactive when given to humans by mouth. The alcoholic and 
aldehydic intermediates in the formation of TMPAA are active, 
producing effects in rats in much lower doses than are required 


for mescaline itself.!*° 
Psilocybin and Other Tryptamines 


Psilocybin and psilocin were the first indole compounds from 
natural sources possessing substitutions on the 4-position of the 
indole ring; the former compound is unique in being phosphory- 
lated. However, it appears that dephosphorylation is rapidly 
achieved by alkaline phosphatase, raising the question of whether 
all biological activity can be ascribed to psilocin.’* In view of 
the fact that the latter compound seems to have pharmacological 
properties identical to psilocybin, such an assumption seems 
likely. 
The psychotomimetic compound, alpha-methyltryptamine, is 
somewhat related and its metabolism has been studied to a 
greater degree. The drug can be hydroxylated to form a 6- 
hydroxy derivative, as well as being deaminated to form an 
acetone derivative. Metabolism in man by 6-hydroxylation has 
been demonstrated.** Another related tryptamine derivative 
with psychotomimetic activity, N,N-dimethyltryptamine, is me- 
tabolized in two main directions. One direction is by dealkyla- 
tion and oxidative deamination, leading to 6-hydroxyindoleacetic 
acid. The pathways for the possible metabolic conversions of 
these tryptamine derivatives are shown in Figure 9. 

A somewhat related compound, alpha-methyltryptophan, has 
been studied in the rat to determine its tissue distribution, using 
both colorimetric and radioactive methods. The uptake of the 
amino acid was highest in kidneys, pancreas and intestinal tract. 
It was detectable in these organs, as well as in the liver and 
plasma, for at least four days. Low concentrations were found 
in brain, spleen, heart and lungs. An increased excretion of 
xanthurenic and kynurenic acids for two days after the ad- 
ministration of the drug indicated an effect on endogenous 
tryptophan metabolism.™ Alpha-methyltryptamine might be as- 
sumed to be similarly distributed. 
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Ficure 9. Metabolism of some tryptamine psychotomimetics. 


Phencyclidine 


After single intravenous doses of 2 to 6 mg/kg were given 
to rhesus monkeys, about 60 per cent of the radioactivity of 
labeled Sernyl® appeared in the urine in twelve hours, and about 
75 per cent in eight days. Fecal recovery was 1 to 2 per cent, 
and no labeled CO, was found in expired air. Metabolites ac- 
counted for the major portion of recoverable drug. The major 
metabolite in urine was present as a conjugate identified as a 
nonphenolic dihydroxyphencyclidine, apparently devoid of phar- 
macological activity. Phenylcyclohexene and a conjugated mono- 
hydroxyphencyclidine were identified as minor metabolites. Only 
unchanged phencyclidine was found in nervous tissues.”*° 


Chemical Psychoses 
SUMMARY 


Physiological studies in man confirm the sympathomimetic 
actions of many of these drugs, although cardiovascular effects 
are generally mild. Sympathomimetic effects are independent of 
any clear-cut change in catecholamine excretion or other en- 
docrinological evidence of stress. Fever-producing effects of 
LSD and mescaline in animals are also considered evidence of 
central sympathetic stimulation, being shared by other sympa- 
thomimetic drugs. Endocrinological evidence that psychotomi- 
metics are stressful is more apparent in animals than in man, 
although results are somewhat conflicting. 

Alterations in glucose metabolism have not been conclusively 
demonstrated in man. Two biochemical changes which are rather 
constant from LSD, mescaline and psilocybin are mobilization of 
plasma-free fatty acids and a decreased urinary excretion of 
inorganic phosphorus. Both may be nonspecific indicators of 
stress. Because of extensive in vitro and in vivo evidence of an 
antiserotonin effect of LSD, many explanations of its action 
have been proposed on this basis. At the moment this hypothesis 
has few supporters. The effects of psychotomimetics are not 
limited to this particular neurohumor, but may be mediated by 
norepinephrine or acetylcholine as well. Release of norepine- 
phrine centrally may provide a valid explanation for the potent 
central sympathetic actions of these drugs. Doses of drugs 
commonly employed in animal experiments may produce changes 
in glucose metabolism, metabolic oxidations and some types of 
enzymatic activity, but none of these can be formulated into 
any reasonable hypothesis for explaining the effects of the drugs. 

Although the brain ranks rather low among organs in which 
the various psychotomimetic drugs are distributed, the time in 
which the drugs are present in plasma and equilibrated with 
brain correlates rather closely with clinical effects. Further, the 
selective distribution of LSD in the brain is consonant with the 
clinical effects; high concentrations in the subcortical visual 
centers may be related to the marked visual disturbances; high 
concentrations in the limbic system may be related to the 
marked changes in affective behavior; and high concentrations 
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in the mesencephalic and diencephalic areas may account for 
the strong central sympathetic stimulation. The half life for LSD 
in humans is of the order of 175 minutes, with detectable plasma 
levels lasting about eight hours; the plasma half life of mescaline 
is longer, being about six hours. LSD is oxidized to yield several 
metabolites, none of which has definitely been proven to be 
active. Mescaline is metabolized by O-demethylation or oxida- 
tion, some of the intermediate metabolites of the latter route 
being active. It is also postulated that an indolic form of the 
drug may be active, but this has never been proven to exist. 


Psilocybin probably exerts its effects as the dephosphorylated 
metabolite, psilocin. 


Chapter VII 


CHEMICAL THEORIES OF PSYCHOSIS 
AND THE MODEL PSYCHOSES 


she MEA THAT functional mental disorders, that is, those not 
associated with microscopic changes in brain structure, are of 
chemical] origin is far from new. Indeed, the word psychosis 
itself implies a poisoning or intoxication of the mind. In his 
Treatise on the Chemical Constitution of the Brain, published 
in 1854, Johann Thudichum said: “Many forms of insanity are 
unquestionably the external manifestations of the effects upon 
the brain substance of poisons fermented within the body, just 
as mental aberrations accompanying chronic alcoholic intoxica- 
tion are the accumulated effects of a relatively simple poison 
fermented out of the body.”** More recently, the same idea has 
been rather poetically stated by Ralph Gerard in terms of 
molecular biology: “For every twisted thought, there is a twisted 
molecule.” 
_ The revival of interest in chemical theories of psychosis dur- 
ing the past fifteen years has several sources. First, the rapid 
advance in chemical techniques has made possible many studies 
completely unthinkable prior to their development. Second, the 
production of abnormal mental states by various psychotomimetic 
drugs convincingly proved that chemicals can markedly alter 
_ pormal mental functions. This change is especially striking with 
LSD, in that such minute quantities have such enormous effects. 
Third, the introduction of drugs which ameliorate naturally 
- @ecurring psychoses has suggested to many that, if a chemical 
-.. treatment is effective, a chemical cause must underlie the dis- 
«. @rder. Finally, the demonstration of specific enzymatic defects 
_.. © & pumber of illnesses associated with mental deficiency 
(phenylketonuria, galactosemia, maple-sugar urine disease) or 
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specific chromosomal defects in others (2l-trisomy or 21-13 
translocation in mongolism) has reemphasized the importance of 
chemical factors in brain function. 


TACIT ASSUMPTIONS 
REGARDING CHEMICAL CAUSES OF PSYCHOSIS 


At the outset it would be well to clarify that, for any chemical 
theory of the cause of psychosis (and we are talking in this 
context exclusively of schizophrenic reactions) to be tenable, a 
number of conditions must be met: 

1. The chemical which causes the mental disorder must be 
endogenous, consisting either of too little or too much of some 
normal material or being an abnormal metabolite of it. 

2. The production of the offending chemical (or its failure 
to be produced) must be continuous and prolonged, or it must 
act indirectly by an irreversible enzyme inhibition. Many in- 
stances of schizophrenia lasting over a half-century can be 
documented, making this disorder the epitome of chronic infirmi- 
ties. 

3. The quantitative bases for production of the abnormal 
material must be realistic. At present one is inclined to think 
that any chemical toxin must be produced in extremely small 
amounts. Most have been extremely elusive to detection by 
available chemical techniques, nor can they be demonstrated 
clinically by such gross techniques as exchange transfusions. 
On the other hand, some postulated materials, such as various 
epinephrine metabolites, would have to be present in extra- 
ordinarily large amounts in order to have clinical effects; the 
total amount of catecholamine substrate available in the body 
would be inadequate to provide such amounts, even assuming 
total conversion of the material. 

4. The toxic material should be one for which tolerance 
did not develop, or one which would produce irreversible enzy- 
matic changes. Most known psychotomimetic substances have 
been shown to evoke tolerance quite readily. 

5. The effects of the material must be highly specific, af- 
fecting only the central nervous system. Schizophrenics are 
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often remarkably healthy, with few of the gross alterations of 
svmpathetic nervous system functions which are characteristic 
results of the psychotomimetics. Quite possibly only specific 
brain areas are involved, requiring a higher degree of specificity 
than is known for most postulated substances. Further, even 
after prolonged exposure of the nervous structures to this 
chemical, none of the classical histopathologic or histochemical 
changes of toxic injury should be demonstrable; at least none 
have been shown convincingly yet. 

In short, what is required is an endogenous toxin, highly 
active and highly specific in its action at minute doses, con- 
tinuously produced, for which tolerance does not develop. Such 
an order is not beyond the realm of possibility, but each claim 
for a chemical cause of psychosis must be viewed in the light 
of some or all of these implicit requirements. 


SOME PROBLEMS IN STUDY 


Because of the singular lack of success despite the monu- 
mental efforts made to detect a biochemical lesion in schizo- 
phrenia, many people say that such a study simply cannot be 
done. Considering the comparatively short time that such efforts 
have been made with modern techniques, such a pessimistic 
assumption would be premature. 

Nevertheless, there are some traps for both the initiated 
and uninitiated. First, one must always bear in mind the artificial 
situation in which most schizophrenics are studied.’ Life in 
the hospital is different from normal living, which could explain 
some biochemical differences. Diet may be far from adequate, 
either due to hospital administrative reasons, or by reason of the 
vagaries of the patient himself. Activity and exercise cannot 
be controlled. The physical health of the patients is often ig- 
nored. Most clinicians with any extensive experience with mental 
hospital patients realize very soon that one is dealing with 
two diseases concurrently: the presenting illness and the effects 
of hospitalization. Second, just because blood and urine are 
easy to obtain does not necessarily mean that these biological 
materials are the most appropriate to study. If one assumes that 
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the biochemical abnormality in the brain must be extremely 
subtle, it is difficult to escape the possibility that it might be 
diluted out very readily in either blood or urine. Considering 
these difficulties, it is a wonder that any differences between 
schizophrenics and normals have been found in either of these 
biological materials. When they are, more often than not an 
excellent reason exists for believing that most differences stem 
from peripheral, nonnervous system sources. Third, direct study 
of the brain is still quite difficult, even in animal preparations. 
Many animal experiments use techniques which, to a clinician 
at least, look to be completely unphysiological. Neurophysio- 
logical studies in man have been improved by better electro- 
graphic techniques, such as electroencephalographic analyzers 
or automated averagers of evoked responses. We are forced to 
work outside the skull, however, which is comparable to at- 
tempting to unravel the geology of the moon from a fifty-mile- 
high orbit. Increasing concern over ethical aspects of human 
experimentation will make bolder studies than have been done 
impossible. 

Finally, one must always consider whether any animal model 
of schizophrenia exists. To many clinicians, schizophrenia repre- 
sents a peculiar disorder of symbolization, and man is the 
only animal who can speak and write. Both animals and man 
can be the prisoners of their genes, but only man can be the 
prisoner of his history. Indeed, it is becoming increasingly clear 
that the term schizophrenia may be as imprecise as the term 
dropsy was a century and a half ago to describe a number of 
states characterized by an abnormal accumulation of fluid. 
Clinically as well as biochemically, a number of different types 
of schizophrenia may exist. One could imagine the negative 
results which might have been obtained if cyanocobalamin had 
been compared with a placebo in a heterogeneous, unselected 
group of anemic patients. Yet it remedies a specific biochemical 
defect of patients with pernicious anemia and is probably the 
most powerful physiological material known. If schizophrenia 
is as heterogeneous a disorder as “anemia,” then searches for 
differences between unselected schizophrenics and normals may 
be expected to remain relatively fruitless. 
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The general approaches to the problem of chemical theories 
of psychosis, as well as some examples of current interest, are 
shown in Table VI. The hypothesis that a general defect in 
body chemistry is at fault still has many advocates, despite the 
fact that, after years of research and many false leads, no single 
abnormality has ever been verifiable. The relatively recent dis- 
covery of a number of chemicals in the brain which are un- 
equally distributed anatomically has raised the question of 
whether or not some disturbance in their function might be at 
fault. These chemicals, chiefly serotonin and norepinephrine, are 
assumed to be neurohumors, an assumption based on the presence 
of mechanisms for their in situ synthesis, release and degradation. 
However, according to the strict criterion that a neurohumor is 
a chemical liberated at a nerve after stimulation, producing a 
demonstrable physiological effect, the proof of a neurohumoral 
function for serotonin and norepinephrine is not yet adequate. 
Finally, a number of endogenous psychotogens have been re- 
ported to be found in various body fluids of schizophrenics, and 
have been postulated to be derived from normally occurring 
precursors. These, too, have been difficult to confirm, either in 
regard to their actual existence or biological activity. 


TABLE VI 
MAJOR APPROACHES TO CHEMICAL THEORIES 
OF PSYCHOSIS 


General biochemical defect 
Impaired response to stress, relative adrenocortical insufficiency 
Abnormal energetic metabolism 
Abnormal nicotinamide metabolism, decreased pyridine nucleotides, abnormal 
tryptophan metabolism 
Autoimmune disorder, increased serum macroglobulins, other antibodies 
Miscellaneous abnormal proteins 
Neurohumoral abnormalities 
eis oe -arpipapicari ron — and deficien 
no norepinephrine metabolism, excess and deficienc 
Abnormal acetylcholine metabolism e 
Other neurohumoral defects 
Endogenous neurotoxins or psychotogens 
enaline—adrenochrome 
Adrenaline—3,4-dimethoxyphenylethylamine 
Serotonin—bufotenin 


Serotonin—6-hydroxyt 
Melatonin—harmala avoids” 
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SPECIFIC CHEMICAL THEORIES 
Stress and Adrenocortical Activity 


Soon after the great physiological and pharmacological im- 
ortance of adrenocorticosteroids became evident, a number of 
theories were proposed which attempted to explain the causes 
of many diseases on the basis of physical or emotional stress.*!* 
Emotional stress was believed to be related to schizophrenic re- 
actions, and the patient’s apparent withdrawal from the fray 
seemed to indicate a diminished ability to cope with stress. 
A number of reports suggested that the adrenal cortex was 
specifically underresponsive to stress in schizophrenic patients.“ 
This early work has been open to question: first, in not taking 
into account the abnormal ecology of chronic schizophrenics, 
and second, because the then-available techniques for measuring 
adrenocortical activity were primitive and indirect. More re- 
cently, a series of extensive investigations into the endocrine 
parameters of emotional stress in normals has revealed that, in 
most instances, alterations are within physiological bounds and 
evident only after careful longitudinal study.’” Long-term meas- 
urement of excretion of 17-ketosteroids and 17-hydroxycortico- 
steroids in nine schizophrenic patients indicated that both hor- 
mones were excreted in somewhat greater amounts as compared 
with normals of the same age. Excretion of both steroids was 
sharply increased with clinical manifestations of acute anxiety, 
with or without attendant motor activity. Thus, it would now 
appear that, rather than being underresponsive, schizophrenics 
are at least normally responsive to emotional stress.” 


Abnormal Energetic Metabolism 


The majority of schizophrenics, especially those chronically 
ill, appear to be less energetic physically than normal persons. 
A decreased supply of energy to the brain, such as decreased 
cerebral oxygen consumption or glucose uptake, was postulated 
as the basis for the mental symptoms. Careful study with ade- 
quate techniques has failed to demonstrate such differences 
from normal.*** One group has persisted in the belief that a 
defect in available nicotinate is associated with schizophrenia. 
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Rather unconvincing evidence has been presented that treatment 
with large doses of nicotinic acid ameliorates schizophrenic 
reactions. More recently, patients have been treated directly 
with pyridine nucleotides with almost amazing remissions re- 
ported; even before this report could reach publication an in- 
dependent study had refuted it. The finding that incorporation 
of phosphorus into adenosine triphosphate (ATP) and fructose-1,- 
6-diphosphate following insulin was impaired in the whole blood 
of schizophrenics as compared with normals initiated a continuing 
search for abnormalities in carbohydrate metabolism among 
schizophrenics. Subsequently it was found that schizophrenics 
differed from normals in not responding to insulin by a shift 
from the hexose monophosphate shunt to the Emden-Meyerhof 
route of carbohydrate metabolism. Similar results were obtained 
in chicken erythrocytes treated with schizophrenic as compared 
to normal serum. Later it was found that schizophrenic serum 
increased the production of lactic acid in erythrocytes while 
decreasing the formation of pyruvic acid, increasing the ratio 
between the two products of carbohydrate metabolism. Cur- 
rently it appears that some protein fraction in the serum of 
schizophrenics is responsible for these changes.’** Unfortunately, 
the biochemical techniques for demonstrating this factor are 
difficult; neither much confirmation nor denial of these findings 


has appeared. 
Autoimmunity 


As autoimmunity is being considered as the etiologic mecha- 
nism of an ever-growing list of physical illnesses, it seems ap- 
propriate to invoke it for unexplained psychiatric disorders. The 
initial observation that schizophrenics had higher-than-normal 
quantities of serum macroglobulins (Si ultracentrifugal fraction ) 
was followed by a number of reports indicating that specific 
antibrain antibodies could be demonstrated by immunoelectro- 
phoresis in schizophrenics.’* The further observation of struc- 
tural changes in the nucleus of lymphocytes seemed to round 
out the pattern.” Unfortunately, neither observation, that of an 
abnormal amount of macroglobulins in the serum nor morpho- 


logical abnormalities in lymphocytes, has been confirmed.*!”' 
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pespite this, the amounts of antibody involved could be so 
minute as to escape detection by gross means, so the idea is 
«ill worth pursuing. Nonetheless, it is good practice to make 
qe that initial observations are confirmed before assuming 
hat subsequent extensions of an idea are valid. 


Miscellaneous Abnormal Proteins 


Two groups have reported the isolation of a protein from the 
lasma of schizophrenics which affects the behavior of trained 
rats.” Rats which have been trained to climb a vertical rope 
show a delay in climbing time when treated with human plasma, 
hut the delay is considerably greater when the plasma is of 
schizophrenic origin. The idea that a protein in schizophrenic 
blood may alter animal behavior is attractive. A still-unidentified 
protein, taraxein, is believed to occur in the blood of schizo- 
phrenic patients.'"” Administration of extracts of serum believed 
to contain this fraction have produced behavioral changes in 
monkeys and man which have been likened to schizophrenia. 
At first it was thought that taraxein was derived from cerulo- 
plasmin and reflected an increased ability of schizophrenic 
serum to oxidize amines. More recently taraxein has been 
proposed as a possible autogenous antibody against brain, 
producing its mental effects through an immunological mecha- 
nism. The existence of taraxein has not been confirmed despite 
some reasonable efforts to do so. 


Abnormal Serotonin Metabolism 


As soon as it became evident that LSD could antagonize 
the contraction produced in isolated strips of rat uterus by 
serotonin, two speculations were made that serotonin deficiency 
might play a role in mental disorders.'**”> With the discovery 
soon after that the tranquilizing effect of reserpine correlated 
well with a corresponding reduction in brain serotonin, while 
increased brain serotonin levels following MAO inhibitors were 
accompanied by excitation, the position was somewhat re- 
versed." The present belief is that states of depression and 

_ fipathy may accompany low levels of brain serotonin while states 
__. &b excitement occur when levels are high. In terms of the many 
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interrelations between the actions of psychotropic drugs and 
serotonin, these generalizations have reasonable validity. Never. 
theless, it is clear that the complex mixture of symptoms known 
as schizophrenia is not to be wholly explained on such a 
simplistic model. The initial reasoning was tenous, even though 
in the Hippocratic tradition. 


Abnormal Norepinephrine Metabolism 


As norepinephrine follows serotonin in its distribution in the 
brain, it is also affected similarly by some drugs. Reserpine de- 
pletes the brain of norepinephrine, while MAO inhibitors in- 
crease the content.’%** Thus, it appears that with decreased 
brain norepinephrine, depressed mental states occur, while with 
increases, excitement is the rule. The clinical observation of 
mental depression following the administration of reserpine, as 
well as later chemical evidence relating to the metabolism of 
norepinephrine in depressed patients, has led to an hypothesis 
that states of depression are accompanied by a depletion of 
norepinephrine.*” The “norepinephrine hypothesis” explains in 
an elegant way the action of many of the drugs thought to be 
useful in treating depressions; it remains to be seen whether 
continued clinical and laboratory support will further bolster its 
position. On the other hand, depression is not schizophrenia, and 
thus far no converse of the norepinephrine hypothesis has been 
adduced for schizophrenic reactions. 


Abnormal Acetylcholine Metabolism 


Acetylcholine is believed by most to be fully qualified as a 
neurohumor. Formerly, all nervous activity was ascribed to 
cholinergic mechanisms. Some would still have it that way, with 
the other neurohumors operating as modulating influences. A 
_ special role for serotonin and norepinephrine may exist; it has 
been proposed that two neuronal systems are present in the 
hypothalamus and midbrain structures, each acting as the 
central representation of the sympathetic and parasympathetic 
divisions of the autonomic nervous system. The “ergotropic,” 
or energizing, system is analogous to the peripheral sympathetic 


Chemical Theories of Psychosis and the Model Psychoses 113 


system, and like it has norepinephrine as its mediator. The 
“rophotropic,” or resting, system represents the parasympathetic 
pranch, but has serotonin, rather than acetylcholine as its 
mediator. Both deficiences and excesses of acetylcholine have 
been proposed in schizophrenia, as reflected by attempts to 
treat the disorder with cholinergic drugs (physostigmine) or 
cholinesterase inhibitors (DFP) on the one hand and anti- 
cholinergics (atropine) on the other. According to one notion, 
schizophrenia may be caused by an excessive release of acetyl- 
choline. The resulting superabundance of nerve impulses could 
lead to an information overload with symptoms of mental dis- 
order. However, no such mechanism has actually been demon- 
strated. From time to time acetylcholine is mentioned as relevant 
to depression, the suggestion being that some of the effective 
antidepressant drugs, such as imipramine, may act in part due 
to anticholinergic effects. The overwhelming interest in serotonin 
and norepinephrine has produced an unwarranted neglect in 
research into the role of acetylcholine in mental disorders. 


Neurohumoral Hypotheses 


Despite the still-tentative conclusions which can be drawn 
from the work done with the various neurohumors, many still 
believe that the most probable chance in find a chemical basis 
for psychosis will be in this area. All neural activity is based 
upon an exquisite balance in the turnover and release of trans- 
mitter substances at uncounted synapses. A localized or selective 
defect in neurohumoral transmission most certainly could cause 
severe mental impairment while meeting most of the criteria 
proposed earlier for a chemical cause. Unfortunately, the methods 
for studying these phenomena in intact brain are still exceedingly 
difficult. Yet there are a number of peripheral diseases affecting 
| the neuromuscular system in which electrochemical transmission 
is impaired, such as myasthenia gravis, myotonia congenita, 
Periodic paralysis and botulism, each of which can be considered 
as “functional” in the sense that they represent true chemical 
lesions. A similar pathogenesis of central nervous system disorder 
- Snot beyond consideration. 
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Endogenous Psychotogens 


An original and provocative hypothesis for a chemical basis 

for schizophrenia was proposed in 1952.”* The suggestion was 
made that mescaline or some related compound might he easily 
synthesized in the body from normal precursors if the process 
of biological transmethylation was altered (Fig. 10). Dopamine, 
the immediate precursor of norepinephrine, if methylated at the 
hydroxy positions on the ring, could become 3,4-dimethoxy- 
phenylethylamine, a compound previously reported to produce 
catatonic states in animals. Acting on the basis that if such ex- 
cessive methylation occurred in schizophrenia it could be coun- 
tered by administering a methyl acceptor, schizophrenics were 
treated with nicotinamide in huge doses. Although promising 
results have been reported by the group proposing the hypothe- 
sis, this treatment is not generally considered to be effective. An 
opposite test of the hypothesis involved the feeding of the amino 
acid, methionine, a methyl donor, in large amounts. It was 
postulated that by increasing transmethylation, schizophrenics 
would be made worse, which was the case in about one-third 
the patients treated.” This finding has been confirmed by 
others.“ Finally, a short time later, in 1962, a spot was found 
on paper chromatographic examination of the urine of schizo- 
phrenics which did not occur as often in normals, and was ten- 
tatively identified as 3,4-dimethoxyphenylethylamine.™ Thus, it 
appeared that things had come full cycle: This compound, postu- 
lated as a possible endogenous psychotogen a decade earlier, was 
excreted by schizophrenics. Unfortunately, it has recently been . 
demonstrated that this material is inactive in man when given 
in doses comparable to mescaline by mouth.” 

The same group which proposed the above hypothesis had 
an alternative possibility.” It was suggested that adrenaline 
may not be metabolized properly under stress and, instead of 
following the usual route of catabolism, might be transformed 
into a cyclized indolelike quinone with psychotomimetic effects. 
(Fig. 10). This compound, adrenochrome, was reported to be 
found in blood and urine by the same group which proposed 
the theory, but by no one else. Furthermore, it is not even 
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Ficure 10. Proposed biochemical pathways for production of endogenous 


psychotogens. Solid arrows represent established pathways; dotted arrows 
represent postulated pathways. 


As it would only require the N-dimethylation of serotonin to 
produce bufotenin, it was logical to assume that this pathway 
might be a source of an endogenous psychotogen (Fig. 10A). 
Rabbit lung was demonstrated to possess the required methyla- 
ting enzyme, lending encouragement to this hypothesis.'® An 
attempt to find bufotenin in the urine of fifteen nonpsychotic 
patients was unsuccessful, but the material was found in amounts 
of around 400 yg/l in twenty-five of twenty-six hallucinating 
schizophrenics.’” Confirmation of these findings was soon forth- 
coming; A “bufotenin-like” substance was found in nine of 
seventeen urine samples from five schizophrenic patients and 
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none of three mentally deficient patients.” However, it has been 
pointed out that the teclinical methods used by these workers 
were not highly specific. Using a method claimed to be superior 
to previous ones, no bufotenin could be found in five normals 
or twenty-one schizophrenic patients.”” At the moment, there- 
fore, the possibility that bufotenin functions as an endogenous 
psychotogen is highly doubtful. 

Melatonin is a naturally occurring derivative of serotonin 
Which has been isolated from the pineal gland. Its functions 
are uncertain; it may be involved in pigment deposition, acting 
as a lightening factor, and may be a regulator of circadian 
rhythms. The removal of a molecule of water from melatonin 
results in its conversion of 10-methyoxyharmalan, which has 
been demonstrated to have antiserotonin actions, similar in 
degree to LSD (Fig. 9), It is also reported to disrupt conditioned 
avoidance responses in animals.” A pathway for conversion 
of melatonin to this harmine-like derivative has been demon- 
strated, providing a basis for an endogenous psychotogen. This 
provocative hypothesis has not yet been confirmed or refuted, 
but the basic reasoning is subject to the same cautions mentioned 
earlier for any postulated chemical basis for psychosis. 


THE CONCEPT OF MODEL PSYCHOSIS 


As mentioned carlier, the idea that drugs can be used as 
models of psychosis is not new, Moreau having administered 
hashish to embryonic psychiatrists over a century ago to pro- 
vide insight into mental illness. Even today many psychiatric 
trainees feel obliged to use LSD or kindred drugs in a similar 
fashion. Indeed the influence of the drug model on the general 
conception of schizophrenia is great: Bergman’s film, Through 
a Glass Darkly, portrays schizophrenia in terms that are ob- 
viously based on psychotomimetic experiences. 

The idea of using a model psychosis for study is especially 
attractive. Its convenience can hardly be matched, for by using 
normal subjects made temporarily deranged, one can perform 
better and easier experiments than with uncooperative schizo- 
phrenic patients. Accordingly, disturbed mental states from 


Chemical Theories of Psychosis and the Model Psychoses 117 


drugs have become a popular tool for investigators at all levels, 
qhe following logical sequence became the rationale for these 
endeavors: Psychotomimetic drugs produce a schizophrenic-like 
state; the physiological or biochemical mechanisms of their 
action may provide clues to those of schizophrenia; drugs coun- 
teracting these mechanisms, or the clinical drug-induced state, 
might provide a rational therapy for schizophrenics. Of utmost 
importance, therefore, is the validity of the major premise—that 
dug-induced states mimic schizophrenia. 


A CRITICAL COMPARISON 
OF DRUG STATES AND SCHIZOPHRENIA 


In considering schizophrenic reactions versus drug states, it 
is only fair to ignore all the longitudinal symptoms of the former 
illness: the almost lifelong inability to cope with stressful situa- 
tions, retreat to a protective situation, disparity between ability 
and performance, impoverished interpersonal relationships, an 
often insidious onset and others. Despite the considerable im- 
portance of these characteristics for delineating schizophrenia, 
they are obviously not applicable to the drug state. It should 
be remembered that no single symptom or set of symptoms will 
distinguish schizophrenia from other mental states, but, rather, 
an entire set delineates the syndrome. 

Withdrawal from personal contacts is characteristic for 
schizophrenics; in the immediate situation it may take the form 
of a sullen indisposition to converse or otherwise relate to 
others, expressed by muteness in the extreme case. Despite the 
fact that subjects with drug-induced psychoses sometimes so 
much enjoy their ruminations or visions that they resent being 
disturbed, most prefer to have someone about to talk to; indeed 
the usual injunction in treating subjects with the drugs is not 
to leave them alone. 

_ Preoccupation with bodily functions is shared both by 

ichizophrenics and drug subjects, the latter usually because of 
vast array of new sensations being experienced. How they 

_ eal with these preoccupations is considerably different. A drug 
‘Subject trained in psychology explains his nausea on the basis 
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of rejection of his role as a subject, a reasonable explanation 
in his frame of reference. A schizophrenic suffering the pain 
of a duodenal ulcer may attribute it to possession by a devil 
who is shoving a hot poker periodically into his vitals, an 
unreasonable explanation in any frame of reference. 

Both drug subjects and schizophrenics have difficulty ex- 
pressing thoughts. In the former it may take the form of drunken 
ramblings, or, when severe, incoherence, but what comes out 
is usually related to reality. Schizophrenic speech is often vague, 
ambiguous and difficult to follow. Weird symbolic representa- 
tions abound, words may be confused with the objects they 
represent, and severe telescoping may occur in the word salad. 
Drug subjects are usually greatly concerned about their failure 
to communicate; schizophrenics are not. 

Schizophrenics are much prone to daydreaming, called 
autism in psychiatric jargon. With some psychotomimetic drugs, 
especially LSD-25, mescaline and psilocybin, a dreamy, intro- 
spective state is often produced that is sometimes called autistic. 
Despite the fact that reverie is not diagnostic of schizophrenia, 
the word autistic has been used to connote a relation between 
the two states. 

Everyone knows that schizophrenics frequently have hal- 
lucinations. In the dictionary sense this means simply seeing 
something that is not there; that is, unreal, and, in this sense, 
drug subjects experience hallucination. To a schizophrenic, hal- 
lucinations are usually considered real, and attempts to rational- 
ize them are stubbornly rebuffed, contrary to the attitude of 
drug subjects. Furthermore, all hallucinations are not the same. 
While schizophrenics may rarely experience eidetic images or 
olfactory and gustatory hallucinations, by far the commonest 
hallucinations are auditory. Content may vary but, frequently, 
the voices are self-accusatory, concerned with conflictual mate- 
rial, Quite the reverse applies to drug subjects; hallucinations are 
predominantly visual and only rarely auditory; if the latter, the 
content is not so personal or threatening. If a psychiatric patient 
diagnosed as schizophrenic were to relate in great detail sceing 
faces, watches, temples, little men, geometric patterns or any 
of the other visual effects related by drug subjects, his diagnosis 
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would be seriously questioned by most competent psychiatrists. 

Delusions are common in schizophrenics, often taking a 
paranoid or grandiose pattern about the common themes of sex, 
religion, communism, external control or omnipotence. Drug 
subjects rarely evidence delusions, but they may be reluctant to 
admit them. Occasionally one finds a drug subject who becomes 
paranoid and suspects the experimenters of poisoning him or 
making fun of him. These reactions are explicable by the 
situation in which he finds himself. Delusions of greater in- 
tensity usually reveal individual personality conflicts. Whether 
the claims of special insight made by so many subjects under 
drugs is an unconscious grandoise delusion remains to be de- 
termined. 

It would appear, therefore, that the differences between 
schizophrenic reactions and drug states are great enough so 
that they should be easily distinguishable. Is there any evidence 
to this effect? A few years ago I conducted a study, which even 
though not as tightly controlled as desirable, provided rather 
convincing evidence that such is the case.” Brief samples of 
tape-recorded interviews were obtained and edited from six 
subjects under drugs and six schizophrenics having a mental 
status examination. These were collated into a single tape, each 
interview being presented in random order and identified only 
by number. This tape was audited by members of the hospital 
staff, including psychiatrists, nonpsychiatric physicians, psycholo- 
gists, nurses and social workers. They were given a scoring sheet 
to indicate which samples were presumed to be from schizo- 
phrenics, which from drug subjects, and the reasons why. 

The results of this study are shown in Table VII, indicating 
a high degree of success in making correct estimates of the type 
of mental disorder. These judgments were of the same order 
of accuracy among the individual professional groups. The 
characteristic difference was put succinctly by one of the raters: 
In schizophrenics the primary disturbance was in thinking, while 
the drug subjects’ disturbance was in perceptions. 

In summary, the evidence presented above was meant to 
demonstrate that schizophrenic reactions and drug-induced psy- 
choses differ clinically in many specific respects, but most of 
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all in toto. Indeed, clinicians have for the past few years been 
less interested in using these drugs to study schizophrenic reac. 
tions than in their possible use for facilitating psychotherapy of 
milder emotional disorders. Thus what was formerly construed 
as insanity is now being construed as insight; and just as the 
former assumption was never satisfactorily proved, neither ig 
the latter. 


TABLE VII 
EVALUATION OF BRIEF TAPED INTERVIEWS 
BY SEVENTY-EIGHT PROFESSIONAL RATERS, 
SIX SUBJECTS ON PSYCHOTOMIMETIC DRUGS 
AND SIX SCHIZOPHRENICS 


Number 
Subjects Major Content of Record Correct 
JB-329, 187 pg/kg Delirium, incoherent speech, 
recent memory loss 67 
JB-329, 286 pg/kg Blocked speech, confusion, a 
ess 7 
Psilocybin, 140 pg/kg Visual hallucinations, acute 
panic from one 72 
Psilocybin, 159 pg/kg Visual effects, mainly pleasant, 
graphic description of colors 72 
LSD-25, 1 pg/kg Somatic effects, anxiety, 
inner feelings 73 
LSD-25, 1 pg/kg Mild depersonalization, visual 
patterns (?), special insight 67 
Schizophrenic Vague, poor communication, 
poor interpersonal relationships 66 
Schizophrenic Paranoid delusion, beginning 
plausibly and ending in absurdity 74 
Schizophrenic Doubts about — sae 
suggestion special powers 68 
Schizophrenic Flattened affect, somatic 
. complaints 74 
Schiozphrenic Poor job adjustment, 
: . alcoholism in story 73 
Schizophrenic Sex and religious conflict, persecutory 


fears, auditory hallucination 


OTHER POSSIBLE MODEL PSYCHOSES 


Besides drugs, two other methods for inducing transient ab- 
normal mental states have been widely employed: sleep depriva- 
tion and sensory deprivation. In the former instance, prolonged 
periods of sleeplessness are required before the regular appear- 
ance of symptoms. Prodromal symptoms occur during the first 
four days, consisting of brief lapses of attention, staring and 
illusions of movement in the peripheral visual fields, tremors 
and coarse movements of the eyes, paresthesias, decreased at- 
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tention span, and fleeting visual or dreamlike hallucinations. 
By the fifth day, hallucinations become more prolonged and 
vivid and may have a paranoid flavor. Disorientation and delu- 
sional thinking become apparent, the latter often paranoid. 
However, such psychoses are by no means inevitable; one case 
of 264 hours of prolonged wakefulness failed to show the char- 
acteristic psychosis. During the recovery period this subject 
showed a marked increase in rapid eye movement sleep, com- 
parable to that seen following REM deprivation studies.” With 
sensory isolation, exteroceptive and, to some extent, propriocep- 
tive stimuli are decreased, resulting in prominence of personal 
reverie, impairment of directed thinking and occasional dis- 
turbances in body image.™ It still remains to be determined 
whether mental changes produced by these two techniques are 
more analogous to schizophrenic reactions than those from drugs, 
but the very much greater effort required to produce such states 
does not augur well for their research utility. 


SUMMARY 


The search for a biochemical basis of psychosis, despite 
being fruitless to date, still occupies the attention of many 
capable scientists and is well worth pursuing. A number of 
formidable difficulties beset the researcher in this area, and a 
number of the assumptions underlying the potential chemical 
basis for psychosis seem to have been disregarded by some 
investigators. In view of many past false leads, one has to 
be especially critical in evaluating new claims. 

The major lines of inquiry into the question revolve around 
three areas: (a) the presence of some general biochemical 
defect in psychotics, (b) the possibility of a defect in neuro- 
humoral transmission of nerve impulses and (c) the possibility 
of the endogenous formation of some psychotomimetic sub- 
stance. At the moment the first might be represented by the 
growing interest in autoimmunity as an etiological basis for 
psychosis, the second by the role of sertonin and norepinephrine 
in synaptic transmission and the third by several hypotheses 
regarding aberrant biochemical pathways for normally occurring 
amines. Although many provocative and original hypotheses 
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have been put forth, none has stood the test of prolonged study, 
and some have had a very short life indeed. | 

Although the model psychosis concept is not new, the re- 
surgent interest in chemical bases for mental illness has mace 
many investigators use this as a research tool. The basic as- 
sumption—that the mental states produced by drugs are truly 
comparable to naturally occurring psychoses—is open to much 
challenge. There are many superficial resemblances, but the 
total clinical syndrome is considerably different. At present, use 
of a model psychosis based on drugs as a means to unravel a 
biochemical etiology of psychosis is on the wane. Possibly the 
aberrant mental states produced from sleep or sensory depriva- 
tion may be more relevant, but the difficulties in producing 
these reactions limit their utility as a research tool. 


Chapter VIII 


CHEMICAL PSYCHOSES AS THERAPY 


As MENTIONED EARLIER, the aberrant mental state evoked by 
chemicals, formerly construed as insanity, has more recently 
been construed as insight, Actually, chemical psychoses have 
been used therapeutically for a long while, a healing function 
being ascribed to them by primitive civilizations. The recent 
upsurge of interest in employing drugs of this type for modern 
psychiatric therapy has evolved in part from growing disillusion 
with current methods. Psychotherapy, either analytic or non- 
analytic, is usually long, painful, expensive and subtle in its 
effects. Existing psychotherapeutic drugs, while considerably ad- 
vancing psychiatric treatment of some disorders, notably the 
major psychoses, have been less effective than hoped in many 
other areas of psychiatry. What could be more attractive than 
a remedy which can be used relatively briefly, often provides 
a “joy kick” and which intrinsically is rather inexpensive? As 
nature abhors a vacuum, so does psychiatry abhor a deficient 
therapy. And so psychotomimetic drugs were promoted for 
conditions not well treated by other types of drugs or psycho- 
logical treatments. 


GENERAL CRITIQUE 


It would be fair to state that not one single report in all 
the burgeoning literature regarding the therapeutic employment 
of these drugs meets the criteria for an adequate evaluation 
by modern standards of clinical pharmacology. Psychotomimetic 
drugs are not unique in being so poorly studied, but claims 
about the therapeutic usefulness of these agents should be 
viewed with the skepticism appropriate for drugs so poorly 
studied. Among deficiences which might be mentioned among 
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evaluations thus far published are these: 

1. Poorly defined samples of patients. Many studies have 
used a hodgepodge of patients of various types, without being 
very specific about diagnostic types. For example, it is obvious 
that not all alcoholics are alike; a more precise definition of 
such a sample should be provided. 

2. Goals of treatment and evaluative procedures are vague. 
Most reports simply specify some treatment goal such as 
“improvement,” usually judged clinically. Judgments have usually 
been made by the same persons giving the treatment, whose 
favorable biases have often been clearly evident. Such situations 
are ideal for creating self-fulfilling prophecies. 

3. Comparison or control groups are lacking. It is usually 
necessary to compare a treated with an untreated group of 
patients to be sure that the changes are not due to spontaneous 
changes in the natural history of an illness, or, if an effective 
treatment is available, to compare the new treatment with an 
older one. While such comparisons are preferably made under 
“blind” conditions, in which neither the physician nor the 
patient knows which treatment is being given, a truly blind 
control is manifestly impossible to accomplish in the case of 
psychotomimetic drugs. Approaches to controlled studies can 
be made, some of which will be cited below. 

4. Excessive claims. Due to the general lack of scientific 
rigor in conducting therapeutic studies with psychotomimetics, 
the fault of extrapolating beyond the data is common. If the 
drugs were really as good as their proponents say, it should 
be easily possible to prove their worth by the more-acceptable 
methods mentioned above. 

5. The LSD investigator. It is curious, and therefore worthy 
of note, that few investigators prominent in the field of LSD 
therapy have engaged in other areas of drug therapy in psy- 
chiatry. During the past fifteen years a revolution has occurred, 
as many valuable new drugs have been introduced which have 
been found to be variably effective in major psychoses, de- 
pressions and psychoneuroses. Yet, almost without exception, 
those persons most actively engaged in promoting the thera- 
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peutic efficacy of psychotomimetic drugs have little or no 
experience in evaluating the other more-conventional types of 
drugs. One might be more inclined to believe claims made by 
anyone of demonstrated reliability in other areas of clinical 
psychopharmacology, although personal testimonials from what- 
ever source would be unacceptable without adequate data. 


POSTULATED THERAPEUTIC MODES OF ACTION 


Flimsy as present evidence is that these drugs are truly 
more therapeutic than alternate treatments, theories abound as 
to how they might work: 

1. Facilitation of insight psychotherapy. Traditionally, psy- 
chotherapy is a process of self-discovery. To accomplish this, 
patients must be able to recall their past history, even painful 
parts of it, to relate it to the therapist and confront this material 
themselves, and to understand how their history affects their 
behavior, thinking and moods. The same processes are applied 
to dream or fantasy material. The barriers to this process are 
formidable, and any way in which the tongue might be loosened 
and the mind made more receptive might be helpful. An early 
report on the use of LSD to facilitate psychoanalytic interviews 
claimed that it reactivated anxiety and fear with enough 
euphoria to permit recall.*' It has been claimed that the material 
produced under LSD or mescaline acts like a dream in facilitating 
psychoanalysis, a psychocathartic effect being noted in many 
instances. Under these conditions of use, doses were small, 40 
to 60 ng of LSD orally, or 300 to 500 mg of mescaline intra- 
muscularly. The latter drug was believed to produce a more 
intense effect, being recommended for cases in which the 
strongest possible emotional upheaval was desirable."* We have 
attempted to take an experimental approach to the problem, 
comparing the effects of LSD (1 y»g/kg), mescaline (5 mg/kg) 
and psilocybin (150 pg/kg) with a placebo and with a no-drug 
interview in eighteen patients in psychotherapy.’* Results, as 
judged by the patients, the therapist and a blind rater of taped 
interviews, revealed no overall significant advantage of any of 
the drugs over the placebo or no-drug treatments. The drugs, 
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especially mescaline, seemed to enhance aspects of the interview 
concerned with introspection. Although armchair reasoning sug- 
gests that these drugs should be effective in recovering repressed 
material, in working through transference reactions and in per- 
mitting confrontation and understanding, scientific evidence is 
still lacking. Even if such facilitation were to be demonstrated 
conclusively, one would suspect that many other, more easily 
managed “disinhibiting” drugs might have similar effects. The 
famous Ogden Nash couplet about seduction, “Candy is dandy 
but liquor is quicker,” may be equally pertinent to facilitation 
of psychotherapy. 

2. Abreaction. This technical term refers to the reliving of 
some moving experience with the re-expression of emotions at- 
tendant to it. Although abreaction may occur during the course 
of traditional insight psychotherapy, it is also applicable to 
certain specific situations or problems. Perhaps the most familiar 
use of abreaction was the so-called “narcosynthesis” used for 
treating soldiers overwhelmed by combat experience during 
World War II. Reliving the experience with the cathartic effect 
of releasing pent-up emotions was promoted by administration 
of a short-acting barbiturate. Results were very gratifying. A 
similar technique has been used in psychotics treated with 
very small doses of LSD (25 to 50 wg). It was believed that 
more ventilation of emotions followed LSD treatment than 
followed methamphetamine or Sodium Amytal®, although a 
direct comparison was not made." On the other hand, it has been 
suggested that the abreactive use of LSD is potentiated by con- 
comitant use of a sympathomimetic stimulant, such as methyl- 
phenidate, or by producing insulin hypoglycemia.** The whole 
question of whether or not abreaction is important in the therapy 
of psychoneuroses has been challenged by one of the few con- 
trolled studies in this field. Three sets of patients were obtained 
by random assignment, some getting no drug, some getting doses 
of 50 wg of LSD raised by 25-yg increments to the desired 
level, and some getting a combination of sodium hexobarbital 
100 mg and methamphetamine 20 mg intravenously; the drugs 
were given just prior to weekly psychotherapeutic sessions. The 
sample sizes were fairly reasonable, being twenty-six, thirty-three 
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and twenty-eight for the respective groups. No differences in 
results of treatment were noted between the groups. Abreaction 
occurred equally in those who improved as in those unimproved. 
Consequently, abreaction may not be an essential part of the 
recovery.*” Thus, while there is no doubt that abreaction is a 
major component of recovery from acute traumatic neuroses, 
such as the combat-fatigue syndrome, overgeneralization may 
be erroneous. Further, it is questionable whether LSD offers 
more than conventional treatments in effecting abreaction. 

3. Psychedelic experience. “Psychedelic” is a neologism for 
an experience asssumed to be “mind-manifesting.” Such an 
experience is so profound and impressive that it changes the 
patient’s evaluation of his past life experiences and may lead him 
to establish new values. To some extent it is likened to a 
religious conversion, although religious feelings are not deemed 
essential." This type of experience is deemed to produce a 
rapid and profound personality change, unlike conventional 
psychotherapy, in which changes in personality are slow and 
subtle.** The appeal of such a concept to those looking for an 
easy way is obvious; the technique has been referred to as 
“instant Zen.” Until more than anecdotal evidence can be sup- 
plied, the concept must be regarded as not tested. 

a 4. Religiomystical experience. Much has been made of the 
fact, that under psychotomimetic drugs, many people report 
having religious or mystical feelings of greater intensity than in 
the undrugged state. In the sense that such experiences are 
“supernatural,” this is probably true, but whether they are truly 
religious feelings may be open to definition. Some subjects have 
reported that they have heard God talk; my opinion is that 
when God talks to me, I want to be very certain about His 
identity. In short, we are dealing with an area that is virtually 
beyond any scientific appraisal. While there is no doubt that 
teligious experiences may heal certain persons (witness the 
collections of braces, crutches, wheelchairs, glasses and other 

tach paraphernalia at shrines such as Lourdes), there is much 
+ ~ doubt about the constancy or meaning of such cures. 

» & “Crisis” therapy. Although not often mentioned, this no- 
tion is implicit in the two preceding categories, but not neces- 
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sarily considered to be an integral part of either. Many anecdotal 
accounts attest to the fact that, after some severe personal 
crisis, such as the death of a loved one, a major financial disaster 
or a major illness, some people undergo what amounts to a con- 
version, completely reorienting their lives. It is worth speculating 
that the unpleasant effects of a psychotomimetic drug ex- 
perience (curiously discounted by the enthusiasts) might be 
therapeutic by mimicking a serious physical or mental illness, 
As yet there is no evidence for or against this notion, and even 
the basic premise is far from established. 


GROUP PSYCHOTHERAPY WITH PSYCHOTOMIMETICS 


Group psychotherapy has been widely employed during the 
past fifteen years for practically every type of emotional dis- 
turbance. Actually, evidence of its efficacy in any condition is 
far from solid, despite its wide acceptance. A study in which 
group psychotherapy was compared with drug therapy or a 
combination of group psychotherapy and drugs in newly ad- 
mitted schizophrenic patients was somewhat disappointing to 
the many practitioners of group psychotherapy with schizo- 
phrenics. Group psychotherapy was far less effective than drugs 
in alleviating the disorder, even on criteria believed to be most 
relevant to the goals of group psychotherapy! Further, its addi- 
tion to drug therapy added nothing to the results obtained. 
This example is cited merely as illustrative of a great tendency 
in psychiatry towards overgeneralization. 

Be that as it may, group psychotherapy is widely accepted 
and does have special techniques and special problems. LSD 
has been used as a preparation for membership in a group, 
prospective initiates receiving the drug in individual sessions to 
eliminate fears and problems of transference associated with 
entering the group.*” More commonly, LSD is given to some or 
all members of a group simultaneously during a group session. 
The drug is said to facilitate communication between the mem- 
bers of the group by disrupting defensive barriers. Some of 
the wilder versions of this technique include the group leader 
being under the influence of the drugs as well. A formal study of 
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such claims used six 4-man groups who were given an intellectual 
group task as well as participating in social discussion. The con- 
clusions drawn were that, under the drug, as compared with the 
drugless state, subjects were preoccupied with handling inner 
tensions and were less responsive to the feelings of others or 
to the demands of a fixed task. Contrary to common belief, 
subjects under LSD were less accurate in their perceptions of 
each others’ attitudes, tending to overestimate the neutrality of 
these attitudes. Once again, it seems that self-evident assump- 
tions cannot be relied upon. 

As might be expected, the results of concurrent group psycho- 
therapy and LSD have been good. Three of ten “hopeless” 
patients were said to have improved until no further psychiatric 
help was needed. These patients were treated in a permissive 
group in which members were encouraged to revert to infantile 
behavioral levels under doses of 200 to 1500 yg of LSD twice 
weekly.* Used under outpatient conditions in which treated 
patients remained in the hospital twenty-hour hours, LSD was 
administered weekly to twelve separate groups comprising al- 
most one hundred patients. The combined therapy was said 
to be especially valuable in psychopathy, hypochondria and 
conflict situations in young people.” Reports such as these are 
indicative of the vagueness surrounding therapeutic appraisals 
of these drugs. 


PSYCHONEUROSES 


As most psychoneuroses are treated with some form of 
psychotherapy, the addition of LSD or kindred drugs is based 
on the putative facilitation of psychotherapy they may offer. 
Progressive weekly doses of 25 to 200 wg were used in thirty-six 
psychoneurotics, twenty of whom had previous psychotherapeutic 
intervention. After an average of ten treatments, fourteen pa- 
tients were considered recovered; results were poorer when the 
number of treatments were fewer. Only one patient refused 
treatment after the first dose.** Repeated administration of LSD 
in doses of 40 to 200 wg was of great benefit to eight of 
twenty-two neurotics; discussion of the LSD experience on the 
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day following treatment was considered to be an especially 
important part of the treatment program.” Fifty patients, chiefly 
psychoneurotics with prior psychoanalytic therapy, were given 
doses of 25 to 50 ug, increasing to a maximum of 450 yg. Five 
were cured, fourteen markedly improved, twenty-seven slightly 
improved and only four unimproved. During a two-year follow-up 
period, only nine patients relapsed.** 

The role of LSD in treating ordinary cases of anxiety is 
more accepted than its use in treating obsessive-compulsive 
neuroses. Some of the latter were included in twenty-three 
neurotic patients who received doses ranging from 25 to 500 
ug orally or intravenously over a period of a few weeks to four 
months; the number of treatments varied from one to twenty- 
five. Twelve were improved, nine were unchanged, and two 
were considered to be worse.”* Sixteen patients with compulsive 
states were treated with 50- to 100-ug doses of LSD over one 
to eight sessions. Compared to previous treatment, thirteen were 
improved; further improvement was subsequently noted from 
individual or group psychotherapy.”* Polypharmacy was prac- 
ticed in a night hospital where fifty patients, mostly psycho- 
neurotics, were given LSD in 40- to 200-ug doses combined 
with 5 to 10 mg of methamphetamine; after four to six hours the 
sessions were interrupted by chlorpromazine or thioridazine. 
Recovery was obtained in seven, great improvement in eight 
and moderate improvement in all but one.”” 

As mentioned above, the only controlled trial so far reported 
found LSD to be no more effective than standard psychotherapy 
or abreaction with intravenous sodium hexobarbital and meth- 
amphetamine.2” An ambiguous report on phencyclidine found 
it usually helpful in promoting a free flow of emotionally charged 
material when given twice weekly to five chronically obsessive 
patients in doses of 5 to 15 mg orally. Effects at these doses 
were neither severe nor long-lasting.” 

It would certainly seem possible to devise and execute 
better studies than those reported above. The place of LSD in 
the treatment of neurotics should be compared with no-treatment 
and with conventional psychotherapy before any conclusions are 
drawn for or against its use as a treatment. Surely one could 
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arrange for new patients in a clinic to be assigned randomly 
to the three groups (usually the no-treatment group is placed 
on a “waiting list”), for a controlled course of treatment to be 
followed, and for an evaluation to be made by persons inde- 
pendent of the treatment program and preferably without 
knowledge of it. We may still not know how the drug facilitates 
psychotherapy, if it does, or how psychotherapy works, if it 
does, but we may discover whether or not patients treated in 
these ways are any better off for it. 


SCHIZOPHRENIC REACTIONS 


At first sight it might appear to be senseless to treat a 
psychotic patient with a chemical which produces psychosis. 
The degree of desperation of the psychiatrist faced with a 
completely unresponsive psychotic patient is not to be under- 
estimated, however, and anything which might shake the patient 
out of his shell, even if only to make him give one the time of 
day, seems worthy of trial. Therefore, almost all use of psycho- 
tomimetic drugs in psychotic patients has been in chronic, 
withdrawn schizophrenics. 

Seven of fourteen schizophrenic patients were improved after 
being treated with LSD at weekly intervals. Doses were 50 to 
100 yg, followed in two hours by 50 mg of chlorpromazine, 
rather modest amounts of each drug.*** Twelve schizophrenics 
were treated orally with LSD in doses of 60 to 250 yg given from 
one to ten times. LSD was considered to be valuable in ac- 
celerating the development of an acute psychotic episode which 
could then be managed by electroconvulsive therapy (ECT).’* 
This procedure is somewhat analogous to hoping that a common 
cold, which cannot be treated specifically, will progress to 
pneumococcal pneumonia, which can. Ten chronic schizophrenic 
patients treated with 1 to 2 ywg/kg oral doses of LSD weekly 
for five weeks showed no marked improvement.’ A similarly 
negative report followed a trial of mescaline in doses of 500 to 
750 mg given to twenty-four chronic schizophrenics. The ma- 
jority developed some inner feelings of tension without emotional 
outbursts; a minority showed some aggravation of underlying 
symptoms. It was concluded that mescaline was not a clinically 
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effective agent. 

Because Ditran is even more disturbing than LSD or mes- 
caline, there has been some interest in its use in this desperate 
situation. A single dose of 15 mg was said to produce some 
improvement in twelve of thirty-nine schizophrenics of undif- 
ferentiated type. The criteria of change were not stated.’ Single, 
or sometimes multiple, doses of 30 mg of Ditran intramuscularly 
were given to 103 hospitalized psychiatric patients, twenty-seven 
of whom received concomitant ECT. Results were spectacular: 
eight-nine patients were considered to be improved to the point 
of discharge, while seventeen were actually discharged and 
working. Results were equally impressive in schizophrenics (20 
of 29 improved) and depressions (29 of 37 improved). Addition 
of ECT added nothing to treatment with the drug alone. 

In general, little enthusiasm persists for the treatment of 
schizophrenic reactions with psychotomimetic drugs. The large 
number of effective antipsychotic drugs available seem to be 
clearly superior to any other treatment. Here, no therapeutic 
vacuum exists. 


DEPRESSIONS 


Treatment of depressions by any means is difficult to evaluate, 
as many depressions remit spontaneously. Despite the avail- 
ability of a proven effective treatment, such as ECT, and a 
variety of antidepressant drugs with varying degrees of efficacy, 
the treatment of each case of depression must usually be em- 
pirical, and is often frustrating. Consequently, any treatment of 
promise has to be looked at. 

LSD, initially administered to 25-ug doses with weekly or 
biweekly increments to 100 to 150 yng was given to twenty-nine 
patients with depressive states or borderline schizophrenic re- 
actions. The number of treatments averaged five, ranging from 
one to sixteen. Improvement was noted in sixteen of twenty-two 
patients who could be followed for from six to seventeen months. 
Daily doses of 20 to 100 yg orally for one month were given to 
fifteen patients with psychotic depressions. Three recovered, 
four improved, four were unchanged, and four did not com- 
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plete treatment. It was concluded that LSD offered no advan- 
tage over usual methods for treating depressions” 

The highly beneficial effects of single doses of Ditran in 
treating depressions, mentioned above, would seem to be con- 
firmed by a report of the recovery of sixteen of twenty-five 
depressed patients given single doses of 10 to 20 mg, usually 
15 mg, orally. Five relapsed during a follow-up period of three 
months, but the remainder maintained their remissions.”* Such 
reports as these indicate that a further look at this drug for 
treating depression is in order. Yet, if 1 had to hazard a guess 
on the mechanism of the apparently beneficial response, based 
on our studies of this drug in normal subjects, it would be that 
the patients feared they might receive a second dose. 


ALCOHOLISM 


If ever a therapeutic vacuum existed, it is in the treatment 
of alcoholics. Here is a disorder affecting millions of people 
directly, and many more indirectly, which has defied most 
therapeutic approaches. Unfortunately, the situation has been 
made bleaker by a psychiatric profession which largely rejects 
alcoholics as patients. Ordinary psychotherapy seems to be rela- 
tively useless as a means of attacking such a monumental prob- 
lem; group psychotherapy in the form of Alcoholics Anonymous 
seems to have had some success, but accurate statistics about 
this approach are difficult to obtain. Most alcoholics will tem- 
porarily remit when treated with usual psychotherapeutic drugs, 
but often the remission is accomplished by substituting one 
addiction for another. Following the old injunction of William 
James, that the “cure for dipsomania is religionmania,” many in- 
vestigators have turned to psychotomimetic drugs to provide 
the latter. The results reported thus far have been almost un- 
believably encouraging. 

Alcoholics were treated with LSD in single doses of 200 to 
400 pg, or mescaline in doses of 500 mg and administration 
of the drug was followed by a prolonged interview. Complete 
abstinence or minimal drinking was obtained in six cases, 
definite reduction in drinking in six and no change in twelve; 
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although some patients were transiently improved, no patient 
was made worse. It was thought that alcoholics with character 
disorders or some degree of psychopathy did best on this treat- 
ment, while those with psychotic symptoms did not benefit.’ 
Single doses of 200 wg of LSD were given to sixty-eight chronic 
alcoholics, twenty-six of whom attained sobriety during an 
average follow-up period of thirty-eight weeks. Prior to treat- 
ment, psychodynamic personality factors had been elicited, and 
these were used as the basis for therapeutic intervention during 
the LSD state.”* Doses of 400 to 1500 ug were used along with 
psychotherapy in sixty-one alcoholics followed for three to 
eighteen months. Thirty were much improved, while sixteen 
showed some degree of improvement.” It has been alleged that 
a “favorable” environment provides better therapeutic results 
from LSD in alcoholics; presumably the more intense the ex- 
perience, the better the effect.” Only symptomatic improvement 
(relief of nightmares, impotency and depression) was claimed 
for ten of twenty alcoholics treated with LSD. 

Some reservations have been raised. An attempt to replicate 
the work of the Saskatchewan group, which has reported the 
most outstanding results, using a situation as nearly similar as 
possible, revealed no increase in sobriety following an LSD 
therapeutic intervention, even if as many as three massive doses 
were given. Despite the failure to show a clinical response, 
many patients seemed to experience the transcendental religious 
experience which has been considered central to this form of 
treatment.** An ingenious way of looking at the results of treat- 
ment has been to ask the wife of an alcoholic what she thinks 
of it, Wives’ opinions of their husbands’ response to LSD 
treatment were more favorable initially than after six months. 
On first returning from the hospital, husbands were perceived 
as being more understanding, aware and tolerant of others. 
After six months, residual improvement consisted mainly of 
the absence of hostile and abusive behavior.* Even so, the 
wife is better off than she was. When twenty-seven alcoholics 
were followed for several months to three and one-half years 
after a single LSD experience, two-thirds decreased. or stopped 


\. drinking for a while, but none of those followed after three and 
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one-half years had remained dry. When dealing with a problem 
as formidable as alcoholism, perfect cures may be unattainable, 
so such results still represent a substantial gain. 

Five reports on the use of LSD in the treatment of alcoholics 
were critically examined and found wanting in the usual re- 
spects: absence of controls or random assignment to comparison 
treatments, failure to use blind techniques, failure to account 
for nonspecific factors in treatment programs, and inadequate 
follow-up procedures.** While these criteria are not easily at- 
tained, we feel that studies can be done which include them. 
Currently we are doing a study in which a carefully defined 
group of alcoholics is randomly assigned to treatment with 
either LSD or dextroamphetamine. Objective measurements of 
the severity of illness will be made before and after treatment 
by someone blind to the treatment program. Assiduous attempts 
at follow-up are being made with reasonable success. Although 
it is too early to determine the results of this particular study, 
it is now clearly evident that a controlled approach to the 
study of LSD as a treatment for alcoholism is entirely feasible. 


PSYCHOPATHY 


Psychopaths are notoriously difficult to treat, most often 
because they don’t want treatment. The ability of LSD to 
mobilize anxiety may be a potentially useful therapeutic measure 
in such patients. Results to date are encouraging, although 
subject to the reservations mentioned repeatedly about uncon- 
trolled evaluations. 

A mixed group of 110 patients, both neurotics and psycho- 
paths, received LSD in initial doses of 50 pg, increased to 150 
pg, and given at two-week intervals from one to twenty-six 
times. LSD was considered to be very effective in seventy-three 
cases and to have failed in only three. Among criminal psycho- 
paths, fourteen of twenty-one cases treated with LSD were clini- 
cally improved, although it was not stated whether they could 
be returned safely to society." A mixed group of patients, in- 
cluding pyschopaths and sexual perverts among others, was 
given prolonged treatment with average doses of 100 yg re- 

peated over a six-month period. Twenty-two patients were con- 
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sidered to be cured, twenty-eight improved, nineteen merely 
improved and nineteen unchanged." 

As can be readily perceived, it is crucial to know what con- 
stitutes improvement in such cases. It is one thing to make a 
neurotic more able to bear himself or more bearable to his 
neighbors, but it is quite a different matter to determine if a 
chronic criminal or sexual offender has been adequately treated. 
Making psychopaths even more comfortable with themselves 
than they naturally are would constitute a dubious therapeutic 
gain. 


PSYCHIATRIC DISORDERS IN CHILDREN 


Psychiatric disorders in children do not lend themselves to 
the relatively neat classifications applied to adult disorders, 
Further, children react quite differently to drug therapy than 
adults. Consequently, the field of pediatric psychopharmacology 
has been greatly slighted. During the past several years, how- 
ever, a number of attempts have been made to use LSD in 
children with functional mental disorders. 

Six children, four with a diagnosis of schizophrenia and 
two diagnosed as suffering from infantitle autism, were treated 
with LSD in doses of 1 ywg/kg for the nonpsychotic children 
and 2 ywg/kg for the psychotic children, increasing the doses 
with each weekly treatment until ceiling doses of 300 ng were 
attained. Nondrug psychotherapeutic sessions were held four 
to five times a week, as well as one session in which LSD was 
given. The results were said to be very good, even with relatively 
short-term therapy. The drug was surprisingly well tolerated 
by children, even at the largest doses." A less enthusiastic re- 
port came from an experience with twelve children, aged five 
to eleven years, treated with doses of 100 ug. Behavioral changes 
were variable, but the postulated change from muteness to 
speech did not occur. The usefulness of the drug was questioned 
in view of disappointing results in psychotic adults and the 
well-known tolerance to repeated frequent doses.'* A program 
of daily doses of LSD, and later a nonpsychotomimetic analogue, 
methysergide, has been given to about fifty autistic children. 
Doses of LSD up to 150 yg were administered in divided doses; 


Chemical Psychoses as Therapy 137 


methysergide was given in doses of 8 to 12 mg daily. The most 
notable effect was improved overall behavior, improved contact 
with reality and a more mature type of thinking. The latter 
was reflected in IQ and Rorschach tests. The basis for this ap- 
proach to treatment was the antiserotonin effect of LSD (and 
methysergide) based on some novel hypotheses of the neuro- 
humoral mechanisms underlying childhood psychoses.” A more 
modest study administered either LSD, 50 yg, or placebo, 
using blind controls, on several occasions to a pair of autistic 
children who were studied for various aspects of socialization. 
After LSD, as compared to the placebo trials, consistent be- 
havioral changes were noted, including increased eye-to-face 
contact, increased smiling and decreased masturbation.” 

It remains to be seen whether the small degrees of improve- 
ment noted in these studies can be enlarged, and whether more 
complete restitution of function can be obtained. Further, it is 
not clear that the use of lysergic acid analogues is any more 
effective than other psychotherapeutic drugs. Finally, prolonged 
use of some of the vascoconstrictive lysergic acid derivatives, 
such as methysergide, may be associated with late vascular 
complications of potential importance. Nonetheless, this im- 
portant field needs much more study. 


MISCELLANEOUS PSYCHIATRIC DISORDERS 


LSD in doses of 20 to 400 yg stimulated the memories of 
sixteen mental defectives, but no lasting benefit was observed.” 
A case of fetichism treated with 100- to 125-ug weekly doses 
of LSD on thirty-two occasions was said to be completely 
cured.** Group therapy with weekly sessions under 50 to 300 
vg of LSD caused improvement in nine of ten male sexual 
offenders.” A single session with 200 ug of LSD was given 
to ten cases of sexual perversion. Marked improvement was 
found in two, slight improvement in the other eight. Improve- 
ment seemed to be related to an above-average intelligence and 
a burning desire to be rid of the perversion." 


NONPSYCHIATRIC USES 
Phencyclidine has probably been explored as often as a 
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potential anesthetic agent as a psychotomimetic. Doses of 0.25 
to 0.44 mg/kg, the higher dose being optimum, were administered 
in 450 surgical and obstetrical anesthesias. Poor relaxation was 
the major disadvantage. Only one death and comparatively few 
hallucinatory phenomena were reported. The latter responded 
to chlorpromazine.’ LSD in 100-~g doses was compared with 
2-mg doses of dihydromorphinone or 100 mg or meperidine in 
terminal cancer patients. The average pain-free period following 
LSD was thirty-two hours, considerably longer than the clinical 
effects of the drug. After meperidine, the pain-free period was 
only two hours, consistent with the drug’s known span of action. 
The clinical reaction of LSD was no different in these patients 
than has been described many times for normals. The mechanism 
of pain relief may be due to a different attitude toward the 
illness and the pain.** Lysergic acid morpholide, a close analogue 
of LSD, when given in doses of 4 ug/kg, decreased experimental 
pain produced by intense heat; tolerance of ten subjects to pain 
was measured, rather than the customary measure of threshold 
perception. Tests were made during the period from forty to 
one hundred minutes following administration of the drug.” 

At this moment the future of phencyclidine as an anesthetic 
agent does not look good, chiefly because there are so many 
other effective and safe agents. Although there are many ef- 
fective and safe analgesics, their use in managing chronic pain 
in terminal cases leaves something to be desired, adequate doses 
often greatly obtunding the patient. For selected patients LSD 
might afford an alternative, although the findings reported thus 
far should be confirmed in controlled trials before such use 


is seriously contemplated. 


PRESUMED INDICATIONS FOR TREATMENT 
WITH PSYCHOTOMIMETICS 


At the time of this writing the use of psychotomimetic drugs 
in therapy is experimental and is under varying degrees of legal 
restriction in the United States and most other countries. Further, 
evaluations of these drugs provide only tentative indications 
for treatment; no definitive studies exist. Nonetheless, it may 
be pertinent to attempt to indicate areas in which drugs of 
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this type look promising enough to warrant further scientific 
study. 

A general statement concerning the indications and contra- 
indications has been made that few would argue with, being 
common knowledge. Patients to be treated with these drugs 
should have a fairly high ego strength and comparatively well- 
functioning habitual personalities. The drugs are to be avoided 
in patients with signs of ego weakness, or those who show 
evidence of serious emotional disorder, such as a psychosis or 
manic-depressive reaction.** Unfortunately, strict adherence to 
these general principles might rule out many potential candi- 
dates and, in effect, each case must be judged on its own merits. 

Among the psychoneuroses, it would seem to be most im- 
portant to determine whether or not the drugs have any utility 
for treating obsessive, compulsive or phobic individuals. Such 
patients are difficult to manage by other means.” It is difficult 
to find any area of usefulness for these agents in managing 
major psychoses. The amazing results of Ditran therapy in 
depression should be checked; some theoretical basis exists for 
treating depressions with centrally acting anticholinergics such 
as this drug. The potential efficacy of psychotomimetics in 
treating alcoholics who are so resistant to most conventional 
treatments, as well as the relative simplicity of the treatment 
program, desperately needs further exploration. If promising 
leads develop in treating addiction to alcohol, the same form 
of treatment might be applied to other addictions. Sexual devia- 
tions would appear to be the most promising area of psychopathy 
to explore, as many of these patients have otherwise-intact 

ities. The favorable results obtained in autistic children 
need to be confirmed and subsequently compared with existing 
antipsychotic drugs. Finally, the analgesic effects in cases of 
terminal cancer should be evaluated further; if duration of pain 
relief {s rather long, the possibility of tolerance as a limiting 
factor in the treatment would become less likely. 

It should be emphasized that none of the above can be 
regarded as established indications for the use of psychotomi- 
metics. Despite the vast literature which has been published 
thus far about the therapeutic uses of these drugs, nothing is 
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really known for sure. While this may be a sad reflection on 
the quality of work which has been accomplished, it does not 
necessarily mean that all findings are invalid, Rather, the ques- 
tions must still be considered open, but amenable to a scientific 
approach. 


PRESUMED CONTRAINDICATIONS 


A general contraindication has already been mentioned. It 
has been stated that patients with acute anxiety superimposed 
upon a basically passive, dependent personality do not do well 
and may become suicidal. Poor results have also been obtained 
in hysterical types of personality." However, so many factors 
may alter the responses to treatment that it is doubtful that 
any specific aspect of personality can be used as a definite 
contraindication, short of frank psychosis or prior suicidal at- 
tempts. 

Physical contraindications are more definite. Any condition 
which precludes marked excitement, such as cardiovascular 
disease, is a contraindication. Electrocardiographic abnormalities 
consisting of T wave lowering and ST segment depression have 
been described during LSD sessions in normal subjects.**” Quite 
possibly, all patients in whom treatment with large doses of 
drug or repeated administration is proposed should have a 
screening electrocardiogram. Other possible contraindications 
which have been proposed are pregnancy and epilepsy.’” 


ADVERSE REACTIONS RELATED TO THERAPEUTIC USE 


When these drugs have been used therapeutically under 
medical control, as opposed to the sporting and unrestricted use 
by laymen, complications of treatment have been rather few. 
Questionnaire data has been obtained from five thousand pa- 
tients treated with LSD, in doses ranging from 25 to 1500 ug, 
or mescaline, in doses of 200 to 1200 mg. Immediate reactions, 
that is, those associated with the acute effects of the drug, 
have been panic states, which have required treatment to 
terminate the drug experience, and occasional catatonic reac- 
-. tions, Delayed reactions, occurring after actual drug effects 


ss have subsided, were psychotic reactions in eight patients, five 
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of whom had a prolonged course, Some patients have a suicidal 
tendency, but a direct connection with the drug state was 
discernible in only a few instances.” Suicides have heen re- 
ported sporadically, as well as severe depressions. Follow-up 
of 129 cases treated with LSD in a psychiatric hospital clinic 
revealed two suicides, four attempted suicides and one homicide 
following treatment.’*' As contrasted with this rclatively high 
incidence of emotional difficulties, only one case of long-standing 
psychosis was related to drug therapy among some five hundred 
patients so treated.*” Obviously, the degree of illness of the 
patient population being treated will determine the frequency 
of such adverse behavioral reactions. 

During experimental use of these drugs, we have run into 
difficulty in about one out of each one hundred drug trials. 
The most difficult reaction to handle was an acute aggressive 
outburst with a toxic delirium following a modest dose of LSD, 
We have also had a few mild panic reactions, one dissociative 
reaction (which might easily have been misdiagnosed as cata- 
tonic) and possibly one delayed (well over a year) incipient 
psychosis. The latter case was rather clearly an inappropriate 
choice in the beginning, a fact which became evident as he 
proceeded through the experimental protocol. I am of the 
opinion that anyone who develops a psychosis following these 
drugs has had a good start before getting the drug. Indeed, 
considering the appeal that these agents have for the emotionally 
disturbed segments of the community, it is rather surprising 
that more adverse emotional reactions have not been encoun- 


tered. 


SUMMARY 


Employment of these agents therapeutically dates from their 
use by primitive tribes. Modern studies of these drugs, with 
rare exceptions, do not meet the criteria for acceptable clinical 
pharmacological appraisals, despite the fact that the usual 
techniques of such studies are feasible. In general, psychotomi- 
metic drugs have been thought to act by facilitating conventional 
psychotherapy, by enhancing abreaction or by producing a 
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revealing experience of one sort or another. They have been 
used in group therapy and even more frequently in individual 
therapy. Although scarcely any psychiatric entity has not been 
reported to react favorably to treatment with these drugs, the 
following seem to be ones in which the drugs might have the 
most therapeutic promise: obsessive, compulsive or phobic psy- 
choneuroses; severe depressions; alcohol addiction; sexual devia- 
tion, childhood schizophrenic reactions or autistic states; anal- 
gesia in terminal cancer. None of the above indications has 
yet been established by an acceptable study, nor has any been 
refuted; the question of therapeutic efficacy is open. 

Common sense must dictate the contraindications to treatment 
with these drugs. Any patient whose personality structure is so 
fragile that it might not be able to stand a severe stress should 
not be treated; specifically, incipient or frank psychotics and 
those patients who have made a previous suicidal attempt should 
be avoided. A history of cardiovascular disease, pregnancy or 
epilepsy also contraindicates the use of these drugs in all but 
exceptional instances. Adverse reactions of a behavioral type 
occur with varying frequency, but are relatively uncommon when 
these agents are used medically. Panic states are most frequent 
complications associated with the acute use of the drugs; later, 
rare patients may develop frank psychosis, become depressed or 
make suicidal attempts with some degree of success. 


Chapter IX 


DRUGS AND OUR CULTURE 


“Bisce CULTURE has its special drugs, including our own. In 


the United States, the three national drugs are caffeine, nicotine 
and alcohol. Habituation to each is widespread, some citizens 
having the dubious distinction of taking all three drugs simul- 
taneously. Yet few social commentators would describe us as a 


drug-taking culture. 


PERMISSIVE DRUGS 


Our attitude to these drugs is almost completely permissive. 
Caffeine is available to children in the form of cola-containing 
beverages, and to adults in the form of these, plus the ubiquitous 
coffee and tea. The latter two beverages have become the basis 
for a twice-daily break from work, and any infringement of the 
“right” to have such breaks would be followed by an un- 
precedented series of paralyzing strikes. Whether mere removal 
of the drug from the ritual would evoke this reaction is ques- 
tionable; many quite properly believe that the “break” is the 
important part of the “coffee break.” The reason for such a 
belief is that the available dose of drug as usually taken has 
only the mildest effects, Although caffeine is a mild stimulant, 
its action is not likely to be discernible during the working day; 
rather, it may become more apparent in the form of a sleepless 
night following a dinner finished with too many cups of coffee. 
In short, caffeine is not considered to be much of a drug as 
we customarily take it. 

Nicotine is available in a number of different forms of 
tobacco smoking, not to mention recently revived intranasal 
and buccal dosage forms. While a strong campaign is currently 
being waged to discourage the use of cigarettes, with little 
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suecess to date, the objection is not to the drug effect, but to 
the inhalation of noxious matter accompanying the combustion 
of tobacco. However, the automatic vending machine has ren- 
dered control over the purchase of tobacco products completely 
impossible; any youngster with the necessary amount of money 
can purchase all the cigarettes he desires. Although in large 
acute doses (say 60 mg) nicotine could kill a human being, the 
constant doses taken by smokers, and the tolerance which de- 
velops, allow that much or more to be taken daily with rela- 
tively few physiological effects. The work of the heart is in- 
creased due to increased peripheral vascular resistance, but, 
for most situations, the cardiac reserve is more than adequate. 
While smoking is associated with an increased number of deaths 
from coronary artery disease, it is questionable whether the 
pharmacological effects of nicotine in cigarettes contributes di- 
rectly to this harmful effect. Thus, this drug also is considered 
to be rather innocuous as usually taken. 

By far the most dangerous of our national drugs is ethy] 
alcohol, which is available in a great variety of potable forms. 
This drug is addicting in every sense of the word, as many 
addicts and their families can testify to. Yet it can also be 
used wisely and well as a social lubricant, euphoriant or re- 
laxing agent. Apparently our society values the beneficial aspects 
of the use of alcoholic beverages more than it fears the evil 
consequences, for they are readily available to all adults in 
unlimited quantities, Although control is exercised at various 
age levels, it is really not too difficult for even children to 
obtain such beverages if they feel impelled to do so. 

Alcohol acts primarily as a central nervous system depressant, 
with attendant impairment of function, but with enough “disin- 
hibition” to produce the desired social facility. If impaired func- 
tion from alcohol goes unrecognized, and such errors of judgment 
are frequent, disastrous consequences can ensue when acts re- 
_ quiring psychomotor skills, such as driving an automobile, are 
undertaken. Much could be said for and against the use of 
_ alcoholic beverages, but the plain fact is that we accept their 
use and their presumed benefits, as well as their abuse and its 
- dangers. No serious attempt has been made to prohibit use of 
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alcoholic beverages since the universally disregarded Eighteenth 
Amendment to the United States Constitution was repealed in 
1933. 


PRESCRIPTIVE DRUGS 


Under this category of drugs would be classified those used 
therapeutically for central effects. As such, they are readily 
available when prescribed by physicians, and somewhat less 
available through increasing illegal channels. Drugs of this type 
constitute some of the most widely prescribed and used drugs 
in our country. 

Barbiturates have been used for over sixty years, their 
annual consumption in the United States being measured in 
tons of material. These drugs are enormously useful in clinical 
practice, having sedative, hypnotic, muscle relaxant, anticon- 
vulsant and anesthetic effects in different forms or varying doses. 
More recently, newer drugs with similar, though less diverse, 
pharmacological properties have been introduced; meprobamate, 
chlordiazepoxide and their congeners. These drugs may have 
minor advantages over the barbiturates, as well as affording the 
physician a broader array of antianxiety agents from which to 
choose in trying to find the best drug for a particular patient. 
The danger of uncontrolled use of such drugs has become ap- 
parent in recent years, along with an increasing tendency 
toward their abuse. 

The opiate analgesics are among the most valuable drugs in 
medical practice; no physician would think of attempting to 
practice without them. Although a great variety of natural 
derivatives have been extracted from crude opium, and many 
synthetic analogues manufactured, it is really doubtful whether 
any is superior overall to morphine. These drugs are highly 
addicting to certain personality types, a problem which has 
been widespread throughout the world for centuries. Although 
patients may occasionally become addicted innocently during 
the course of medical treatment, more often than not, addiction 
follows self-prescribed indiscriminate use. Because of the more- 
ready availability of these drugs to them, physicians and other 
members of the health professions are the highest occupational 
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groups among addicts in the United States. Lest anyone doubt 
that availability plays a most important role in creating addicts, 
it should be remembered that one in four hundred American 
citizens was addicted to heroin before legal restrictions were 
imposed on its sale in 1919. 

Amphetamines have been used as stimulants for over a 
quarter of a century and as appetite suppressants for nearly as 
long. These drugs are potent stimulants, as compared with 
caffeine, with strong sympathomimetic effects. For many people 
they create a sense of well-being considered to be highly de- 
sirable. During World War II these drugs were used by the 
ton as stimulants for bombing crews on long missions. However, 
in recent medical practice they are more often used as appetite 
suppressants. A number of amphetamine analogues have been 
produced for this specific purpose: diethylproprion, phenmetra- 
zine and others. Since World War II, especially, addiction to 
these drugs appears to be on the rise; the recently introduced 
analogues are no exception. 

A number of drugs originally called tranquilizers, but per- 
haps more aptly named antipsychotics, have been introduced 
in the past fifteen years. Most of these are of the phenothiazine 
series, being therapeutically useful in managing major emotional 
illnesses. In addition, the strong antiemetic action of these drugs 
would have established a place for them in medical practice 
even if they had no other therapeutic actions. At times these 
drugs are used as adjuncts to analgesics. It is rather fortunate 
that, for most people, the general effects of these drugs are 
not pleasant; consequently they have not been subjected to 
any degree of abuse. The same situation holds for a related 
class of antidepressant drugs, such as the dibenzazepine deriva- 
tives. Another class of antidepressant drugs, as exemplified by 
the hydrazide derivatives, also seems to be unpopular for other 
than medical use. 


PROSCRIPTIVE DRUGS 
This group of drugs includes those which have been placed 
under special controls because of a great amount of illicit or 
illegal use. The situation at present is rapidly changing, due 
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to recent Jaws which expand the list of controlled drugs and 
which were specifically aimed at bringing the psychotomimetics, 
barbiturates and amphetamines under legal control. Prior to 
that, the main drugs under legal control were the opiates and 
cannabis. 

The latter drug has had extraordinary wide use over many 
millenia, but, except for natural historical accounts, we have 
virtually no modern study of its human pharmacology. Needless 
to say, cannabis produces a desirable effect often enough in 
enough people so that it is a drug which is frequently abused. 
In low doses the intoxication is mild and scarcely detectable; 
at least it appears no more incapacitating than a few drinks of 
a relatively potent alcoholic beverage. At higher doses clinical 
effects probably resemble those from the psychotomimetics, 
being quite disabling for rather long periods of time. Still, there 
are many who maintain that, used discriminately, this drug 
might be less harmful than alcohol; unfortunately, we have no 
way of knowing whether or not such is the case. 


THE UNENDING SEARCH FOR ALTERED CONSCIOUSNESS 


Despite the varying attitudes that exist towards the social 
uses of drugs, it is clear that no culture is exempt from having 
a sizable number of its members who at various times may 
seek an altered mental state through drugs. Anxiety, frustration 
and tension, regardless of the manifold causes present in each 
civilization, provide the principal impetus for drug-taking. Un- 
fortunately, harsh realities are not changed by drugs; the per- 
ception of reality may be briefly altered, but the causes of the 
fears are unaltered for the casual user. 

Nevertheless, the belief persists that drugs offer a desirable 
alternative to reality. in the newly emerging nations of Africa 
today, undergoing rapid and stressful social change, marihuana 
smoking is on the rise and is becoming a major public health 
problem. Migrant workers, new to urban areas, are the most 
vulnerable. A somewhat similar situation obtains in the urban 
ghettos of the United States, where the most likely candidates 
for the drug habit are poor, unskilled and unemployed migrants, 
such as Negroes or Puerto Ricans in New York. In a sense, the 
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“beatnik” also represents an ation culture, albeit a deliberate 
alienation on the part of the individuals themselves. 

Even in the more civilized parts of the Arab word, khat 
chewing still predominates. The leaves of the plant are chewed 
as regularly by camel drivers as a plug of tobacco is chewed 
by major league baseball players. In Aden alone, 1000 tons a 
year of leaves are imported to supply 104,000 Arabs. Despite 
a relatively high price, $1.40 a pound, the average daily con- 
sumption is around 2 Ib. of leaves. While this may seem to be 
a lot of money, it is less than required to support a Western 
alcoholic in any reasonable degree of style. 

The extent to which people are driven to alter their con- 
sciousness is unbelievable. A few years ago, what was knowledge 
to only a relatively few botanists became common knowledge 
among “drug heads.” Not only did the Mexican morning glory 
which supplied the ololiuqui have seeds which were able to 
induce hallucinogenic states, but so did a number of domestic 
morning glories. Before long, sales of a number of Ipomoea 
seeds reached astronomical proportions, and only after a great 
boom had occurred were they placed under restrictions. Mean- 
while, a new cult of morning glory seed poppers had flourished, 
with predictable difficulties, such as prolonged delirium or 
suicide, both affecting young people.”"! 

Other natural materials which can be found in the fields 
include the hallucinogenic mushroom, Amanita muscaria, the 
traditional ambrosia or “food of the gods.” Indeed, a drink said 
to be sold in certain cafes or bars in London, the “Catherine,” 
contains equal parts of vodka and Amanita juice; its name is 
derived from Catherine the Great who was a confirmed addict 
to the mushroom.'” As if history were constantly repeating 
itself, Jimson weed, used by Southern California Indians for 
religious puberty rites, has been more recently used by modern- 
day Southern California youths for secular puberty rites. The 
unfortunate teen-agers who have chewed this plant have re- 
ported seeing the same terrifying snakes and insects in lurid 
colors as depicted by the cave drawings of the Indians. The 
recent habit of sniffing glue or other petroleum distillates is 
more in the modern style. The practitioners of this habit are 
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generally quite young, ranging in age from cight to sixteen 
years; at times the intoxicant is used as an adjunct to sexual 
activity.’ On the other hand, the habit seems to produce a few 
permanent harmful effects on mental functioning, although it 
is still not certain that some degree of kidney, liver or nervous 
system damage may be associated with a long-standing habit.”” 


SPECIAL PROBLEMS WITH PSYCHOTOMIMETIC DRUGS 


Three main patterns of hallucinogenic drug use have been 
described, although the inventiveness of human beings by no 
means stops at this small number.” The drugs may be used 
as a temporary and not-too-satisfactory substitute for narcotics 
by persons whose primary addiction is to the latter drugs. 
Second, there are “drug heads,” electic in their tastes, who will 
take anything which will alter consciousness, regardless of type. 
These people prefer marihuana, but find LSD, peyote, barbitu- 
rates, amphetamines, cough syrup or opiates acceptable as well. 
They are usually classified as “beatniks,” with a pseudoartistic 
intellectuality which is used to excuse their alienation from the 
conventional political, economic and moral views of the “square” 
society. They claim that the drugs aid them in their search for 
truth, for beauty and for sociability, a search notably unsuccessful 
for them through conventional channels. Often the drugs are 
taken in groups, with a variety of attendant activities. Third, 
there is a group of persons who have made a special cult out of 
psychotomimetics or, as they prefer to call them, psychedelics, 
using these to the exclusion of all other drugs. They may take 
the drugs regularly or intermittently as a means for attaining 
sume personal goal of religious, mystical or esthetic nature. The 
attempt to communicate with God, or to obtain a “Christ-like 
state of mind,” is often stated as a goal. For others, the drug 
experience is an opening of the “door of perception,” a concept 
introduced by Aldous Huxley. Many of these users even claim 
increased creativity of an ill-defined sort. 

Somewhat apart from these users are the young students 
who use these drugs as one of a number of expressions of 
independence. The drug is frequently taken only once or twice 
simply to prove to the taker as well as his friends that he is 
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not “chicken.” While there is no doubt that the problem is 
widespread and that few college or university campuses are 
immune to it, the major question revolves about the extent of 
such use. An unofficial count at one major state university 
indicated that perhaps three hundred of 26,000 students had 
eaten peyote buttons. On the other hand, a poll of high schools 
and colleges in the New York area revealed that only 4 per cent 
of high schools and 23 per cent of colleges reported that more 
than 1 per cent of their students were seriously involved with 
drugs. In contrast, 10 per cent of the students from some San 
Francisco area high schools were estimated as users of LSD 
or marihuana. Obviously, there is a great discrepancy in reports 
about the magnitude of the problem, augmented by the fact 
that the level of campus conversation about a practice is not 
necessarily a good indication of its actual prevalence. Nonethe- 
less, good evidence indicates that the problem is real; the in- 
creasing number of admissions of young users of these drugs 
to mental hospitals documents the personal tragedies which 
may befall the unwary. 

Among a group of 121 male graduate students at a West 
Coast university, only 3 per cent had taken the stronger hallu- 
cinogens, but 12 per cent had taken marihuana or morning 
glory seeds, usually on a very limited basis. Those students most 
positive in their attitudes towards hallucinogenic drugs, as 
contrasted with those whose attitudes were neutral or negative, 
were more amenable to hypnotic suggestibility, more likely to 
use intuition in making perceptions and more likely to prefer 
to use perceptions in making judgments. They were less often 
married, and none were church-goers.** Such fragmentary data 
are hard to interpret or to generalize to all users of these drugs. 
Perhaps it might more simply be stated that those who dig 
unreal states seek unreality through drugs. 


ADVERSE REACTIONS FOLLOWING NONMEDICAL 
USE OF PSYCHOTOMIMETICS 


Based on a long interest in adverse reactions to LSD, a de- 
tailed classification of the types of reactions has been proposed.” 
Psychotic disorders have occurred under a variety of circum- 
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stances. Children inadvertently obtaining a large dose of drug 
in the form of attractive sugar cubes have been rendered acutely 
psychotic; overdoses of the drug in children have also been 
fatal, although none are documented in adults. Chronic intoxi- 
cation is difficult to attain, due to the rapid development of 
tolerance. With persistence it can be done, requiring doses as 
high as 4000 yg daily after a few days simply to maintain the 
initial effects. Acute schizophrenic-like psychoses have been 
precipitated by the informal use of these agents just as in their 
therapeutic use; as in the latter situation, it is probable that 
the individual was latently psychotic to begin with. Psychotic 
states characterized by feelings of omnipotence while under the 
acute effects of LSD have led to some serious and even fatal 
errors in judgment. The arrogation of some supernatural power, 
such as the ability to halt traffic or to fly or to swim unusual 
distances, has led to serious injury or death. A number of 
reports of persistent LSD-like phenomena without the repeated 
use of the drug are extraordinarily difficult to explain. They are 
not explicable by anything known of the pharmacological actions 
of the drug. One possibility is that they may represent a partial 
activation of a latent psychosis. Another is that they represent 
a strong recall of the memorable drug experience as the result 
of encountering a cue or stimulus present at the time of the 
original experience. Finally, they may simply represent an 
appreciation by subjects of the visual illusions, transient feelings 
of depersonalization and introspective moments of everyday life. 
Psychotic depressions have led to a number of suicides. Among 
nonpsychotic disorders, acute panic states are the most com- 
monly encountered, often referred to as “a bad trip.” Sometimes 
the panic is milder but more prolonged, taking the form of 
chronic anxiety reactions. A personality deterioration has fol- 
lowed the repeated use of psychotomimetics in some habitués. 
Presumably tired of the “games” of life, they decide to play 
the “no-game game,” becoming socially unproductive after a 
previously promising start in life. Antisocial behavior often 
follows; disregard of ordinary social conventions often brings 
them in conflict with the Jaw, or often creates an attitude which 
does not draw the line at illegal behavior. The whole question 
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of permanent brain damage from these drugs is open; only 
by treating animals with excessively large doses can this be 
achieved. Human data is not yet at hand and, hopefully, never 
will be. | 

A detailed analysis of twelve of twenty-seven patients with 
adverse reactions to LSD admitted to Bellvue Hospital over a 
four-month period indicated that most of those affected lived 
on the fringes of society and took the drug to solve some 
personal problem.’ Five patients were probably psychotic be- 
fore the LSD experience, but were worse after it. The other 
seven suffered acute panic reactions, four having taken the drug 
without anyone else in attendance. Except for one patient in 
his thirties, the rest were in their twenties. Most were deeply 
concerned with philosophical questions, especially Zen Buddhism 
and Yoga. Response to treatment of acute panic reactions was 
usually prompt and complete, but the more severe disturbances 
followed a variable course. 

A great many reputable health professionals are convinced 
that the uncontrolled use of these agents presents a serious 
health hazard to the youths who are so often attracted to 
them. While one cannot be sure that some of these reactions 
would not have been provoked by stresses of other kinds, one 
can never be sure. Even if the rate of acute psychotic breaks 
is only one in two thousand, if two million youths take these 
drugs, the actual number of injured persons will be quite large. 
On the other hand, little evidence indicates that the drugs have 
a positive effect, especially when used without medical super- 
vision, which would warrant the risk they seem to carry. 

While it is quite clear that psychological dependence to 
psychotomimetic drugs develops, in the sense that many persons 
desire to have the effects repeated many times, physical de- 
pendence does not.” Even psychological dependence is not 
severe; if the drugs are not readily available, they can be done 
without, or, more likely, some other mind-altering agents will 
be substituted. The deterioration in social functioning of some 
individuals who use these drugs repetitively is not unequivocally 
the effect of the drug; it could very well be that repeated drug- 
taking is a symptom of a basic personality disturbance. Like 
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abuse of alcohol, abuse of psychotomimetics is the symptom, 
not the illness. 


LEGAL RESTRICTION AND PROBLEMS 


Public Law 89-74, usually known as the Drug Abuse Control 
Amendments Act of 1965, placed LSD, peyote, mescaline, 
dimethyltryptamine, psilocybin and psilocin under its control 
effective May 17, 1966. Since then, a number of states have 
passed similar laws, presumably to avoid jurisdictional problems. 
The purpose of this legislation was to prevent the misuse and 
illicit traffic of potentially dangerous drugs. Besides the psycho- 
tomimetic drugs listed above, a large variety of stimulants and 
sedatives also come under the act, the exact list to be determined 
by recommendations of an expert committee and a series of 
public hearings in disputed cases. This law does not apply to 
the regulation of narcotic drugs, such as opium, morphine, 
heroin, marihuana and the like, which are regulated by the 
Treasury Department under another statute. The law aims at 
curbing the flow of these drugs by keeping close watch on 
their manufacture and distribution. The illegal possession of any 
of these agents, which in the case of sedatives and stimulants 
might mean without a prescription, or in the case of psychoto- 
mimetics, without clearance for their experimental use, could 
be cause for penalties which include fines and imprisonment. 

It has been repeatedly stated that the FDA enforcement 
agencies do not wish to make criminals of all the college 
students who might be in possession of LSD. Rather, they aim 
to prevent the easy access to these drugs which has developed 
in the past several years. Such a task will be enormously dif- 
ficult. First, the amounts of LSD involved are very small; it 
would be possible to place enough LSD in one’s external ear 
canal to provide hundreds of “trips” or to mail an airmail letter 
from some foreign country which would contain as much as 
100 mg of material which would be virtually undetectable. 
Second, chemical synthesis of the material is not very difficult, 
provided the basic lysergic acid moiety is available; unless 
controls of all materials containing this substance are strict, 
supplies will remain readily available. Finally, existing stocks 
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of LSD will be difficult to detect; the material is odorless, 
colorless, tasteless and apparently can keep indefinitely in a 
variety of states—in solution, as part of the glue on envelopes, 
in chewing gum and heaven knows what other forms still to 
be contrived. Nevertheless, there is reason to believe that 
tighter controls may succeed in diminishing supplies. Whether 
this will simply run up the cost and make the material become 
profitable to organized criminal elements is open to question. 
One would assume that the situation is not analogous to 
opiates, for the compulsion to use psychotomimetics is not at 
all as powerful as it is for addicts using opiates. 

Any well-planned program for controlling these agents 
should emphasize education. These drugs are curiously at- 
tractive to many persons of greater-than-average education, 
and one might assume that presentation of the facts regarding 
their actions, their unfulfilled potential for cure and_ their 
undoubted potential for harm might be adequate. To have 
much faith in this approach, however, is to disregard the 
strong tendency to build cults around these drugs. Arguments 
against their use are often as fruitless as those which try to 
change a strong believer's political or religious convictions; 
logic does not prevail. 

Aside from laws dealing with enforcement of contro] meas- 
ures, a number of legal tests will no doubt be forthcoming 
in regard to these drugs. How responsible legally is a person 
who takes these drugs? Or is the situation different if the 
patient takes the drug himself as opposed to taking the drug 
as part of psychiatric treatment? At least one instance of 
homicide in Denmark Jed to an acquittal based on the argu- 
ment that LSD was given as part of a medical treatment; a 
case of homicide associated with nonmedical use of LSD is 
still pending in this country. Could a prescribing physician be 
charged with malpractice if adverse reactions develop? He 
might very easily be so charged now, as the use of these drugs 
outside the experimental situation is illegal. But what about 
the hazards of experimental use in human beings, either subjects 
or patients? Is the experimenter liable to charges of injury if 
something goes wrong? If a patient takes these drugs and does 
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not disclose it in making an insurance contract, is insurance so 
obtained binding on the insurer? Religious freedom is one of 
our most cherished liberties. Suppose one belongs to an or- 
ganized church (and there are now several) which proclaims 
LSD as one of its sacraments; would the use of the substance 
by certified members of such a church exempt them from the 
current laws? Clearly, the advent of widespread use of these 
drugs in our society will create many unprecedented legal 
situations. 

Despite many fears that legitimate, and much-needed, re- 
search with these drugs might be impaired by increasing legal 
restrictions, such fears are at present unfounded. While it is 
true that, as of the present writing, at least, psychotomimetic 
drugs are more easily available to persons in the street than 
to highly reputable investigators, the procedures necessary for 
obtaining these drugs are no more cumbersome than those for 
obtaining any investigational new drug, whether to cure dan- 
druff or to treat heart disease. Experimenters capable of de- 
‘signing adequate tests of a drug should find no difficulty in 
obtaining the necessary permission and legitimate supplies 
through the United States Food and Drug Administration. 


SOME SOCIAL IMPLICATIONS 
OF THE PSYCHOTOMIMETIC DRUG MOVEMENT 


The widespread use of psychotomimetic drugs is new to 
Western civilization. As mentioned in our historical review, 
drugs of this type have heretofore been used primarily by 
relatively primitive societies to which the forces of nature 
were a mysterious threat and magical influences omnipresent. 
Although we use drugs in our culture, they are a different 
sort. Therefore, the present trend represents an interesting 
historical development. 

In a sense, it seems peculiarly anachronistic that such a 
development should begin at a time when we are truly enter- 
ing a scientific age. Modern science is less than one hundred 
years old, and its recent prolixity is an event of the past 
generation. When there are more scientists now living than 
existed in all previous human history, when the scientific method 
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influences our approach to many daily problems, and when 
the consequences of scientific discovery affect every aspect of 
our lives, jobs, politics, morals—-why should an experience 0 
popular among primitive, nonscientific peoples have such appeal? 

I can only regard the psychedelic drug movement as a new 
brand of anti-intellectualism. Just as the ancients were fearful 
of the unknown mysteries of nature, many people today are 
fearful of the information explosion which is so difficult to 
understand and assimilate. Fear of reality, known or unknown, 
has always been the major impetus for seeking escape through 
drugs. The prophets of the new drug cults are convinced that 
modern man needs to think less and feel more. Drug-taking is 
a sensual, not an intellectual experience. Indeed, the title of 
a recent psychedelic “happening” starring the cult’s leader was 
appropriately titled The Death of the Mind. Psychedelic drugs 
are solvents of the logical, formal mind, ordinarily used by in- 
tellectuals, and words and numbers are supplanted by random, 
unorganized and often meaningless images. As the prospective 
Christ of the cult has so aptly described it, LSD is “a powerful, 
nonverbal, metaintellectual agent.” 

Meta, schmeta—anti-intellectual is the proper word. The es- 
cape represented by these drugs involves abdiction of the 
intellect. Clear thinking, coherent logic, problem-solving, all 
the usual ways in which intellectuals seek to examine the 
world, are impossible under these drugs. Delusions abound. 
One obtains a sense of greater-than-normal intellect, of new 
and easy understanding and of far-reaching human compassion. 
While these are highly desirable goals, they have always been 
extremely difficult to attain. The road to wisdom is long and 
tortuous. To use drugs to attain these ends denies all of our 
past experience. 

In rebuttal, it is argued that our Judeo-Christian ethic is 
based on the concept that what is enjoyable or easy must 
necessarily be bad, but that psychotomimetic drugs belie this 
ethic. If so, they also belie other religious teachings commonly 
alluded to by drug users. No precedent for attaining perfect 
states of understanding by drugs exists in Zen Buddhism, Yoga 
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or any other of the traditional self-realizing disciplines. Rather, 
these religions also emphasize the ardor of the psychological 
preparations required for understanding. Responsible religions 
don’t promise easy ways to salvation. 


SUMMARY 


Our culture takes drugs: Caffeine, nicotine and alcohol are 
ubiquitous. As usually taken, these drugs are relatively harmless, 
although the abuse of alcohol is common and _ deleterious. 
Besides permissive drugs, such as these, we take large amounts 
of centrally acting drugs prescribed for therapeutic reasons. 
Legal or proscriptive measures apply to only a few drugs 
known to be widely abused. 

The desire to attain altered states of consciousness is still 
widespread even in today’s world, applying to a variety of 
drugs not usually considered to be psychotomimetic: cannabis, 
khat, morning glory seeds, mushrooms, weeds of the stramonium 
type, petroleum distillates, as well as the widely abused _bar- 
biturates and amphetamines. Psychotomimetic drugs may be 
used by actual drug addicts as a poor substitute for the more 
potent agents. Their greatest appeal is for persons who are 
not addicted to any single drug, but who simply like to take 
any drugs which alter consciousness. A number of takers do 
so as part of a special cult which uses drugs as a tool for 
religious and mystical exploration. Finally, many drug-takers 
are simply the curious and immature students who dare not 
lose face by refusing to experiment. Those who take these 
drugs repetitively usually derive some special personal satisfac- 
tion from the practice. 

Adverse reactions to the uncontrolled use of psychotomimetic 
drugs involve a number of serious mental disorders as well 
as some minor ones. The principal danger is often physical, 
leading to serious injury or death, due to the marked impairment 
of judgment which is so often associated with their use. 
Although a number of new legal restrictions have been directed 
at controlling the use of these drugs, it remains to be seen 
how well they will work. Meanwhile, the widespread use of 
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these drugs is creating many new legal problems. In any case, 
legitimate scientific inquiry into these agents is not likely to 
suffer. 

The easy acceptance of these drugs into Western society is 
a marked departure from our previous attitudes toward agents 
of this type. Paradoxically, this trend has developed at a time 
when scientific advance has been greatest. To some, at least, 
it represents anti-intellectualism in a new and dramatic guise. 
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